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PREFACE. 



It is hardly necessary for the author of the following volume 
to make any excuses for its publication, since, notwithstanding 
the multiplicity of books on tne same subject, there seems to be 
none, which are exactly adapted to the object for, which this is 
principally designed. The Conversations on Chemistry, and the 
works of Parke and Joyce, besides the interlocutory form m which 
they are written^ are objectionable, in not containing the recent 
discoveries and improvements in the science; and the volume oi 
Dr. Turner, though free from these objections, is too large for the 
use of schools and academies. 

In this volume^ it has been the intention of the author, not only 
to avoid these objections, but, at the same time, to erolain the 
elements and doctrines of the science in sufficient detail, to give 
a competent knowledge of its several parts, and in suph language 
as can be understood by those who will but read the book atten- 
tively and pursue the subject in course. 

It appears to the writer, that in teaching Chemistry to youth, 
its elementary parts have not been sufficiently insisted on at the 
beginning. Of all the sciences, this is the most complete, in 
respect to its language — the order of its arrangement, the succes- 
sion of its subjects, and consequently in the facility with which 
it may be learned. But from these perfections, arises the abso- 
lute necessity of becoming well acquainted with its first principles, 
before the student can derive and retain any useful knowledge 
from its study. The nomenclature of chemistry, the laws of 
affinity, and tne doctrine of proportions, are far. more necessary to 
a proper knowledge of this science, than is a knowledge of ma 
thematics^ to the study of Astronomy. The cause of an eclipse, 
or the reason why the complicated motions of the earth should 
produce a change of seasons, can be fully understood without the 
use of mathematics. But without a knowledge of i^Bnity, and 
proportions, the decomposition of a salt, or the formation of a de- 
finite compound, are absolutely incomprehensible phenomena; 
nor can they be explained without a previous acquaintance with 
the peculiar language of chemistry. 

It is from a conviction of the importance of first prmciples iu 
learning this science, that the author has devoted so much atten- 
tion to the imponderanle agents, attraction^ affinity, and galvanism, 
and to the explanation of definite proportions ana chemic^ equi- 
valents. 



4 PRBFACB. 

The doctrine of definite proportions, being now universftlly 
adopted, forms one of the fundamental principles of chemical 
science. And whether the theory of atoms, which accounts for 
the facts on which this doctrine is founded^ he true, or false, the 
doctrine itself will ever maintain its integrity, its elements being 
nothing more than the expression of facts which experiment and 
analysis have developed. The subject of proportions, indepen- 
dently of its relation to the theor^r or practice of Chemistry, is 
highly curious and of uncommon interest, both to the naturalist 
and the moral philosopher. To the &rst it shows that the laws 
of nature are equally inherent and efficient, in dead and in ani- 
mated matter, and that the effects of these laws are as peculiar 
and distinctive in the formation of chemical compounds, as they 
are in the production and habitudes of the different races of am- 
mals. To the moralist, this subject teaches, that nothing has 
been formed by the fortuitous concurrence of atoms, but that even 
the "stocks and stones" bear the impress of creative agency and 
design — that the air he breathes and the water he drinks, are 
formed of invariable proportions of certain elements, and that 
these compounds are. so precisely adapted to his nature and 
wants, that thd least change in the proportion of their constituents 
would inevitably effect his destruction. 

Besides the charms which this subject presents to the reflecting 
student, the composition of compound bodies, in recent books of 
chemistry, is expressed in equivalent numbers, and therefore 
cannot be understood without a knowledge of the doctrine of' 
proportions. The author, therefore, before the description of each 
element and compound, has affixed to its name, at the head of the 
sections, its combining number, or atomic weight. By this ar- 
rangement, the pupil, at a single glance, becomes acquainted, not 
only with the scientific, and common names, but also with the 
eomposition, and proportions of all the compounds described. 

In respect to the authorities which have been consulted in the 
composition of this work, the principal are Dr. Thomson, Dr. 
Henry, Sir H. Davy, Mr. Gray, Dr. Ure, Mr. Accum, Mr. Fara- 
day, the Library of Useful Knowledge, the Journal of the Royal 
Institution, Silliman's Journal, and Dr. Tomer. 

Of the work of the latter author, free use has been made, his 
arrangement of subjects, with some variations, having been adopt- 
ed, and his exposition of the doctrine of proportions carefully 
consulted. The work now offered, is not however to be considered 
as a servile compilation ; the former experience of the author as 
a lecturer, and his habit, for many years, of analysing various 
substances^ having ^iven him opportunities, not only of verifying 
ihe deductions of others, but occasionally of making new experi- 
ments for himself. 

Hartford, November 15, 1831. 
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CHEMISTRY. 



vChehistry ifl that science which investigates the compo- 
sition and properties of bodies, and by which we are enabled 
to explain the causes of the natural cnanges which take place 
inr material substances^^ 

^Natural Science ha^l^n divided into two great branches, 
the one comprehending all those natural changes which are 
accompanied by sensible motions ; the other, includin|^ all 
those natural changes accompanied by insensible motions^ 
The first science is called Natural Philosophy ; ihcluding 
also the Philosophy of Mechanics, and the laws of motion. 
The second is known under the name of Chemistry, or Che- 
mical Philosophy. 

As a science. Chemistry is of the highest importance to 
mankind, since by its investigations, the practical arts are 
constantly improving. ^^ 

All chemical knowledge is founded/bn analysis and synthe- 
n5,)that is, the decomposition of bodies, or the separation of 
compounds into their simple elem^its, or the recomposition 
of simple bodies into compounds. 

When water is passed through a red hot iron tube, in the 
form of steam, it is decomposed ; its oxygen uniting with the 
iron, while its hydrogen passes away in a state of freedom, or 
may be collected and retained. This is called analysis ; and 
the bodies so separated from each other, if they cannot again 
be decomposed, are called elements. ' Thus hydrogen and 
oxygen are the elements of water. When oxygen, which 
may be obtained pure, as will be seen in another place, is 
burned with hydrogen, a quantity of water will be formed. 
This is called synthesis, or the recomposition of water from 
its elements.^ Thus all knowledge of this science is obtained 
by experiment. 

WhatlaChemlatryl How !■ Bcience divided 1 What is the foundation of afl cheml. 
cal knowlec^ 7 What if analyiia 7 What is synthetia 1 
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10 IMPONDERABLE AOEKTS. ^ 

As a science, chemistry is intimately connected with a 
great variety of natural phenomena. All satis&ctory expla- 
nation of the causes of rain, hail, dew, wind, earthquakes, 
and volcanoes, have been given by the aid of chemical 
knowledge. The phenomena of respiration, the decay and 
growth of plants, and the functions of the several parts of 
animals, are also explained in a satis&ctory manner, only 
by the aid of chemistry. 

VAs an art, chemistry is connected, more or less intimately 
with nearly every branch of human industry, and particular- 
ly virith agriculture and manufactures. In its application to 
agricuhure, chemistry furnishes the most direct and certain 
means of ascertaining what a barren soil wants to make it a 
fruitful one, and also what ingredient any soil requires to 
best adapt it to any given kind of pr^j^. Many of our most 
common and useful articles are manufactured entirely by 
chemical processes. The making of soap, glass, bleaching 
salts, the several kinds of acids, and almost every kind of 
medicine, depend wholly on the manipulations of chemistry. 
The art of the potter, iron-smith, tanner, sugar-maker, dis- 
tiller, brewer, vinter, paper-maker, and painter, are also con- 
nected in various degrees with chemistry. ' 

Natural objects may be separated into two great divisions, 
or classes, viz. ; Imponderable agents and Ponderable bodies. 



PART I. 

IMPONDERABLE AGENTS. 



The imponderable agents are Light, Caloric, or Heat, 
Electricity, and Galvanism.) These are called the imponde- 
rable agents, because they possess no appreciable weight} 
The investigation of many of the properties of these agents, 
and particmarly those of light and attraction, belong to the 
several departments of Natural Philosophy, but they each 
possess properties also, which are strictly chemical, and itlis 
these properties only, which it is proposed here to examine. 

What are among the natural phenomena which chemistry explains? Wliat are 
among the most important arts which derive advantage from chemistry t How ar& natu> 
rai objects divided? What are the imponderable agents 1 Why axe these agents called 
imoonderable 1 
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CALOBIC. 

Heat k the sensation which one feek when he touches a 
body hotter than the hand;(and this sensation is caused by 
the passage of co^rtc from the hot body to the hand. * Thus 
caloric is the cause of the sensation which we call heat, and 
heat is the ^ect of the passage of calonc into the hand. 
(Oalpnc, then, is the ma4ter, or principle of heat, )virhilevheat it 
the sensation produced by the transfer of this principle to the 
liring system, from some body hotter than itself. 

Caloric is imponderable ; that is, there is no appreciable 
di9%rence in the weight of a body, whether it is hot or cold.^ 

{This principle seems to be present in all bodies, nor is there 
any known process by which it can be separated from any 
substance. For since heat constantly passes from the hotter 
to the colder body, until every thing in the same vicinity 
becomes of an eq^al temperature, so if we take a substance at 
a temperature however low, and carry it to a place where the 
temperature is still lower, this substance will give out heat 
until its temperature become the same with tluit of the sur- 
rounding air. yFor instance, if a piece of ice at 32 degrees 
of temperature, could be transported to any place, as in Si* 
beria, where the temperature is 60 degrees below 32, then 
this piece of ice will continue to emit caloric until its tempe- 
rature becomes only equal to that of the surrounding atmos* 
phere, and it would therefore give out 60 degrees of heat 
It will be quite obvious to any one, that if a piece of iron, or 
any other substance, be carried from the open air on a sum- 
mer's day, where the heat is 92, to an ice house, where the 
heat is only 32, that the iron will continue to part with its 
heat until it becomes of the same temperature with the ice,* 
and therefore that it will in a short time, lose 60 degrees of 
heat, as indicated by the thermometer. 

. Heat and cold are therefore merely relative' terms, and so 
&r as our sensations are concerned, depend on circumstan- 
ces. Thus we call a body cold when its temperature is lower 
than our own, and it has at the same time, the power of con- 
ducting heat rapidly. That the sensation of cold, which wo 

When one touches ahody hotter than his hand, why does he feel the sensation of beatT* 
What ia calorie f What is heati How la it proved that caloric is imponderabtel 
How is it shown that caloric is present in all bodies 1 What illustrations show that iea 
wm emit caloric f How are heat and cold relatire terms? How is it shown that the bmv 
auiogaof cold often depends on the conducting power of the body) 
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eipenence, when touching another body with the hand* de> 
paids greatly on the conducting power of the body touched, 
18 easily prored by the following experiment. < A piece of 
woollen cloth, or fur, and a vessel of quicksilTer, being 
placed in the same room, will both indicate the same tempera- 
ture, when the bulbof a thermometer is wrapped in the one, 
or plunged into the other. And yet if the experiment be 
maae in the warmest day of summer, the mercury will feel 
cold to the hand, while no sensation will be produced on 
touching the cloth or fiir. Now both articles touched, being 
of the same temperature, it is certain that the different sen* 
sations must depend on the power of the mercury to absorb, 
or conduct away the heat of the hand more rapidly than the 
fiir or cloth. 

' On the contrary, we say a body is warm, or hot, when it 
imparts heat to the hand, more or less rapidlyj But this sen* 
sation, to a certain degree, also depends on circumstances, 
and is connected with the relative temperature of the hand, 
and the conducting power of the substance touched. 'Thus 
if one hand be placed in water, at 32 degrees, and the other 
in water at 130 degrees, and then both hands be plunged 
into water at 90 degrees, one hand will feel cold, and the 
other warm, though the temperature to which both are oimo- 
sed is the sama 3 This principle is illustrated by the diner- 
ent sensations which men and animals experience, when 
transported from a cold or hot climate, to one which is tem- 
perate. ( A Russian would consider the coldest New England 
winter, a pleasant and comfortable season, while an inhiibi- 
tant of Sumatra, or Borneo, would tremble with the cold of 
our September. A white bear from Greenland, or a dog from 
Kamtschatka, Would constantly suffer from the heat, while an 
elephant, or a naked dog from Africa, would require protec- 
tion from the cold.\ 

One of the most obvious properties of caloric, . is, its ten- 
dency to an equilibrium'^ that isji.its disposition to pass from the 
hotter body to that which is colder. ) Thus if several bodies 
of different temperatures be placed in the same room, the 
warmer body will continue to impart its heat to those which 
are colder until they all indicate the same temperature by 



When do we ny a body is wann or hoti How is it shown that the sensations of heal 
and cold depend on drGuxnstances) What iUustrations are given of this principle 1 
What is one of the most obvious properties of cakNric ? What is meant by eqailihrioml 
How is it shown that caloric tends to an equililnrium ) 
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tke ibennonieter. ) ^hiis jittribtttioA k so e^iid aad MP^^ 
that two thermc^eters, graduated exa/cAy aHike, and placed 
under the same circumstances in the open air, will indicate 
the same degprees of heat though placed miles apart, / Thus 
coloric has the power of pervading all substances, and of 
equalizing their temperatures.) 

/Caloric exists in two different states, yiz. in a state of eom- 
btfuUion, and in a state of freedom) ^It has already been 
stated, that all bodies are supposed to contain caloric, but that 
all bodies do not contain sensible heat, or are not warm to 
the touch requires no proof. )Commpn occurrences, however, 
as we have already seen, are sufficient to show, that to a cer- 
tarn extent, the sensation of heat (depends on circumstances, 

^ and that it is only necessary that a body touched, should be 
of a higher temperature than the hand, for us to perceire the 
sensation of warmth) (But it by no means proves, that 
because the thing touched does not feel warm, that it con- 
tains no caloric. V It follows, therefore, that when the body 
touched, conveys the sensation of heat, that caloric passes 
from the body to the hand, and this is called free, or uncom- 
hined calorics hut that when no sensation follows, the heat 
is combined/ OT latent, in the body touched, and therefore is 
not imparted to the hand) 

y^ CombiTted or latent Caloric^ This is also sometimes called 
caloric of fluidity, because^^in the conversion of solids into 
fluids, a quantity of heat is absorbed' which is not indicated 
by the thermometer, and which, therefore, becomes latent in 
the fluid.^ 

The e:n)eriments of Dr. Black, in relation to this subject, 
are highly curious and interesting. >^These experiments 
prove, that if a pound of water at 32 degrees be mixed with 
a pound of water at 172 degrees, the temperature of the 
mixture will be intermediate between them, and therefore 
102 degrees. But if ▼pound of ice at 32 degrees be mixed 
with a pound of wateY at 172 degrees, the ice will soon be 
dissolved, and then on applying the thermometer to the water 
thus formed, it will be found at the same temperature that 
the ice was before the addition of the vrarm water, and there- 
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fore at 32 degrees instead of 102 degrees, as before. In 
this experiment, therefore, the pound of hot water lost 140 
degrees of caloric which is employed in melting the ice, and 
which is not appreciable by the thermometer, but remains 
latent in the water. It follow, then, that a quantity of ca-' 
loric becomes insensible during the melting of ice, which, 
were it free, or uncombined, would raise the temperature of 
ihe same weight of water 140 degrees; for, the ice being at 
32 degrees, and the water at 172 degrees at the beginning of 
the experiment, and the whole being at 32 degrees at, the 
end, the water loses [140 degrees, being the excess of 172 
degrees above 32. 

. It is well known that if a piece of ice be exposed to the 
rays of the hottest sun in the summer, or if it is placed in a 
vessel over a fire, the temperature of the ice?, or of the wa- 
ter flowing from it, will not be raised above 32 degrees, until 
the ice is all melted, when the thermometer placed in the ves- 
sel will instantly begin to rise.^ Those who have melted 
6no\^,>or ice for culinary or other purposes, are well aware 
how much more tim^ and fuel it takes to obtain a vessel of 
boiling water from ice, than it does from the liquid itself 
But this feet is readily accounted for by Dr. Black*s experi- 
«ment, since we have seen above, that 1 40 degrees of heat 
are first employed merely in converting the ice into water, 
and that this caloric does not raise the water one degree 
above the freezing point, or 32 degrees, until all the ice is 
melted 

This principle is of vast consequence to the world, and par- 
ticularly to the inhabitants of cold climates, where the ground 
is covered with snow and ice, a part or the whole of the year. 
In some northern climates, and particularly in Russia, the 
transition from the cold of winter to the heat of summer, takes 
place within a few days, the groui^being covered SjBveral 
feet deep with the accumulated snow of the winter. \ Now 
were it not for the feet above explained, and did the snow and 
ice follow the same law in respect to temperature, that we 
observe in some other bodies, this whole inass would be turned 
into water nearly as soon as the temperature of the atmos* 
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phere became above 32 degrees, and eonseqaeiidy the w|iole 
country would be inundated and destroyed by the flood. / 

ifiut in consequence of the quantity of caloric employed in 
the lique&ction of the snow^ the melting is gradual and no 
«such accident ensues.^ This is a striking instance of the 
wisdom and mercy ot Providence towards man, though to 
most of the world it is unseeu and unknown. 

We have mentioned the melting of ice, as being the most 
ikmiliar example, in most parts of our country, of the conr 
version of a solid into a fluid. But the same principle holds 
with respect to the conversion of other solids into liquids, 
though the quantity of caloric required for this purpose varies 
With the substance. 

From the experiments of Dr. Irvine, it appears that the fol- 
lowing named substances vary in this respect very widely, 
and also very unexpectedly. Equal weights of each substance 
are supposed to be employed in the experiments : The de- 
grees indicate the extent to which each would have been 
heated by the caloric of fluidity, proper to it. Spermaceti 
145 degrees ; Lead 162 deg. ; Bees-wax 175 deg. ; Zinc 493 
deg. ; Tin 600 deg. ; Bismuth 550 deg. 
Steamy 

When water, or other liquids, are converted into steam, a 
large quantity of caloric is absorbed, which is not indicated 
by the thermometer, and which therefore becomes latent in 
the steam. 

If a thermometer be placed in an open vessel of water, over 
a fire, there will be indicated a gradual increase of heat until 
the water boils, after which, no increase of the fire will raise 
the temperature of the water another degree ; nor does the 
steam, arising from a vessel of water which boils violently, 
indicate a greater degree of heat than the water itself, or of 
the steam arising from w^other vessel which boils moderately, 
^he steam conveys ai^ all the heat above 212 degrees of 
Fahrenheit's thermometer, which is the temperature of bpil- 
ing' water under the ordinary pressure of the atmosphere. 

The quantity of caloric which combines with the water to 
form steam, is nearly 1000 degrees greater than that of the' 
same weight of boiling water. In other terms, the caloric of 
fluidity in steam surpasses that of an equal weight of boiling 
water by neaily . 1 000 degrees/ Consequently there is nearly 

In meltlm;, do other aolids bemdea ice absorb a quantity of caloric not apprifltbla by 
iba ihennometer 1 Why cannot water in an open veasel be lieated higher tha<. 212 da- 
TOil How many degnca of baat doca flMun coniain, which to not indicated by tha 
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1000 degrees of heat in steam which is not indieatad by tlift 
thermometer, and is therefore latent. 

' Various methods have been adopted by different philoso- 
phers in order to ascertain correctly the exact quantity of la- 
tent heat in steam. Among these, one of the latest and most 
simple is that of Dr. Ure, of Glasgow. ; His apparatus con- 
sisted of a small glass retort, with a short neck, inserted into 
a globular receiver of the same material, made very thin, and 
about three inches in diameter.\ This globe was surrounded 
with a certain quantity of water, at a known temperature, in 
a glass basin. A quantity of water, or other liquid to be ex- 
amined, amounting to 200 grains, was put into the retort, and 
rapidly distilled into the globe, by the heat of an Argand lamp. 
The neat imparted by the condensation bf the steam in the 
globe, to the water contained in the dish, by which it was 
surrounded, was indicated by a very delicate thermometer 
kept constantly moving through it.*) By means of this contri- 
vance, Dr. Ure found the latent heat of the steam of water to 
be 1000 degrees. That of alcohol, of the sp. grav. 825, to 
be 457, and that of ether about 303. 

We have stated that the temperature of boiling water, and 
of steam, is 212 degrees, undet the ordinary pressure of the 
atmosphere. (^The cause of ebullition, or boiling, is the form- 
ation of vapor, or steam, at the bottom of the vessel, in con- 
sequence of the application of heat there. The steam being 
lighter than the water, or other fluid from which it is made, 
constantly ascends in bubbles, and escapes from the surface 
into the open air. ^ The process of boilmg, when conducted, 
in a tall glass vessel, over an Argand lamp, may be minutely 
exanxined, and is both interesting and instructive. 

(It is found by experiment, that different fluids at the surface 
of 4he earth boil at different temperatures, depending gene- 
rally on the specific gravity of the J^uid, and also, that the 
same fluid boils at various temperatures, depending on the 
degrees of atmospheric pressure./ /Thus, under the same 
pressure of the atmosphere, or on the level of the sea, water 
ooikhiit 212 degrees. Ether at 100 degrees, alcohol 173 de- 
grees, nitric acid, of the specific gravity of 1450, at 240 de- 
grees, and water, saturated with sea salt, 216 degrees.) 

We may observe, that in these instances, the boiling of a 

DflscrihA ihe apparatus of Dr. Ure, lo ascertain the quantity of calorie in steam 1 
What is • t6 cause of ebullition or boiling 1 On what does the boiling temperature of fluids 
generally depend 1 Why is the boiling temperature of water saturated with lalt, highsr 
uuui that of pure water 1 What is astd concenii^ the influance of MMciik graTity os 
the boiling tempantuxe of liquids 1 
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ftoid seemfi to follow a general law depending on its qieeiiie 
gTaTity!\ This is strictly the case in respect to the boiling 
point of sulphuric acid, which always requires a temperature 
lor its ebullition in a direct proportion to its specific gravity. 
Thus, according to Dr. Dalton, sulphuric acid sp. gr. 1,408, 
boiled at 240 degrees, while that of sp. gr. 1,670 boiled at 
360 degrees; that of 1,780, at 435 degrees, and that of 1,850 
at 620 degrees. 

The boiling point of a fluid is not, however, in all cases, 
to be estimated by its specific gravity, the fixed oils requiring 
much higher temperatures for their ebullition than other 
fluids oHhe same density. Thus, linseed oil boils at 640 de- 
grees, though its specific gravity is less than that of water, 
and mercury boils at about 660, though its specific gravity is 
about 14 times that of water. 

(That water, or any other fluid, will boil with a less degree 
of heat, in proportion as the weight of the atmosphere is re- 
moved^may be reanily proved by means of the air pump, or 
by ascending up a rnoimtain, where the air is less dense than 
it is on the level of the sea. 

The most simple illustration of this subject, with the air 
pump, may be made by means of a small vessel of ether ; for 
if this be placed under the receiver, and the air exhausted, 
the fluid will boil, or turn to vapor, during ordinary tempera- 
tures of the atmosphere. 

If a vessel .of hot water, instead of the ether, be placed under 
the receiver, and the air withdrawn from it, the water will con- 
tinue to boil until its temperature is reduced down to 70 degrees,' 
In the absence of an air pump, the same 
principle may be strikingly illustrated as fol- 
lows, f Adapt a good cork to the glass flask. 
Fig. 1, sp as to make it air tight; put a gill or 
two of water into it, and apply the heat of a 
lamp until it boils. After it has boiled for a 
short time, introduce the cork, and at the 
same time take the flask from the fire. It wiU 
continue to boil for a f(^w minutes after its 
removal. When the ebullition has ceased, 
it will boil again violently on plunging the 
flask into a jar of cold water, as seen in the 

Under what circurostjinces will water boil at a len temperature than 212 degreoil 
At what temperature does water boil when the presBure of the atmoephere is remoTed) 
Oow may the pressure of the atmoqihera be remoyed from a ressel of water, withmt 
At «M of an air puiflpf 
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figure. On taking it out of the water, the elullition will 
cease, but will instantly recommence if again plunged into 
the water, and this may be continued until the flask is nearly 
cold. ) . 

(In- this experiment, the boiling is continued in consequence 
of the partial vacuum which is occasioned by the condensa- 
tion of the steam with which the flask was at first filled. If 
the flask be taken from the vessel of cold water, and plunged 
into one of hot water, the boiling will instantly cease, because 
the heat will convert a portion of the water in the flask, which 
had been condensed, into steam, and thus the partial vacuum 
♦ which had been formed will be filled with vapor, the pressure 
of which will prevent further ebullition. ) 

This principle is beautifully illustrateu by the fact, that the 
higher we ascend from the surface of the earth, the lower will 
be the temperature at which water boils. ( The reason is ob- 
rious ; the pressure of the atmosphere diminishes in propor- 
tion to the ascent, and the boiling temrerature sinks in pro- 
portion as the pressure is removed. • 

Upon this principle is constructed ihe^ihermometeric barome- 
ter. Which indicates the elevation of any place above the level 
of Ae sea, by the temperature at which water boils at that 
elevation. By experiment it has been found that a difference 
in elevation, amounting to nearly 520 feet, makes a differ- 
ence of one degree in the boiling point of water. A traveller 
therefore who ascends a high mountain may ascertain nearly 
his elevationXby the temperature at which he finds his tea- 
kettle to boil.} Thus Saussure found that at a certain station 
on Mount Blanc, water boiled when heated to 187 degrees. 
This being 25 degrees less than its boiling point at the level 
of the sea, allowing 520 feet for every degree, would give an 
elevation of 13,000 feet. This method cannot however be 
very accurate, since the weight of the atmosphere at the same 
place varies at diflferent times about three inches of the ba- 
rometric guage. [See Natural Philosophy, article Barometer,] 

Evaporation, 

\ Daring the process of ebullition, there is a rapid formation 

of vapor, attended by more or less commotion in the liquid 

Why will the water in a veaael, fig. 1, be made to boil by cold and ceaae to boil by 
heatf Why does water boil at a lower temperature on a high mountain than on th» 
leret of the sea 1 What instrument is constructed on this principle 7 How may a tra« 
▼«ltar who ascends a high mountain ascertain nearly hit elevst^ by the boiling of • 
lea-kectiel WhatiseTaporaUoDi 
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Evaporation also consists in the formation of vapor without 
heat, but the process is so slow as not to occasion any visible 
commotion in the fluid ; Evaporation takes place, even du* 
ring the coldest seasons/while ebullition requires various de- 
grees of heat, or at least the removal of atmospheric pres- 
sure. 

To prove that evaporation takes place at ordinary tempera- 
tures, nothing more is necessary than to(^xpose a quantity of 
water to the open air in a shallow vessel, when the fluid will 
be found gradually to diminish, and finally to disappear en- 
tirely.^^ There is, however, a great difference in the rapidity 
with which different fluids evaporate^'aiid in general it is found 
ihat those whose boiling points are lowest, disappear most 
rapidly.) Thus, ether, and alcohol, evaporate much more 
rapidly' than water. 

VThe chief circumstances which influence evaporation are, 
extent of surface, and the state of the atmosphere in respect 
to temperature, moisture, and dryness.) 

As evaporation takes place only from the surfaces of fluids, 
it is obvious that its rapidity must, under equal circumstances, 
be in proportion to this extent of surface. Thus, a given 
quantity of water will evaporate four times as soon from a 
vessel two feet square, as it will from a vessel of one^ foot 
square. In respect to temperature,f it hardly need to be re- 
marked, that fluids evaporate more rapidly in warm, than in 
cold situations, and that the process is hastened in proportion 
to the degree of heat employed.) 

Fluids evaporate much more rapidly in a dry, than in a 
damp atmosphere. Even when the season is cold, if the air 
be dry, this process goes on rapidly, while it is comparatively 
slow, during the warmest season, if the air is already satura- 
ted with moisture. 

CAs evaporation consists in the formation of vapor^.and the 
subsequent removal of successive portions of the evaporating 
fluid, by the air which comes into contact with its gurface, it 
is obvious that the process must be more rapid in a current of 
air, than It is in a place where the air is still,' And hence we 
find by experience, that evaporation is more rapid in the open 



How ia it shown that eyaporatipn takes place without the aid of heati What relatioii 
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air than in the house, and that under equal circumstaneea 
is most speedily effected during a strong* wind. 

We have already explained, that one of the peculiar cir- 
cumstances attending the formation of steam, is the large 
quantity of caloric which it absorhs, and carries away, i Now 
it appears by experiment, that the conversion of fluios into 
vapor always requires large quantities of caloric, which be- 
comes latent in the vapor, however slowly the process is car- 
ried on, and hence under ordinary circumstances, evapora- 
tion, by conveying off the heat, has the effect of generating 
cold^ To make this fact sensible by experiment, we have 
only to pour a little ether on the hand, when a strong sensa 
tion of cold will be felt during its evaporation. When ou 
clothes are wet by a shower of rain, we feel cold for the same 
reason, but the sensation is less strong, because the evapora- 
tion of water is not so rapid as that of ether. 

It has been explained that water boils at a lower tempera- 
ture in propoition as the pressure of the atmosphere is remo- 
ved. For the same reason, evaporation under equal circum- 
stances, is most rapid when the weight of the atmosphere is 
removed, as under the exhausted receiver of the air pump. 

The cooling effects produced by the evaporation of water 
in the open air are not strikingly apparent, because the pro- 
cess is comparatively slow, and therefore the quantity of ca- 
loric carried away from a body in any given lime, is but little 
more than it receives from surrounding objects. (But when 
water is placed in a vacuum, its evaporation is very rapid, 
and did not the vapor from it fill the vacuum, and thus 
prevent farther evaporation, the heat would' be carried away 
so rapidly as soon to turn the water to ice.) 

^*^- ^* This curious 

/ ^ • > effect is produ- 

// ^ \ ced by means 

^^A f j of an mstru- 

^Br ^\r ^^^^ invented 

by Dr. Wollastpn, and called the Cryophorus, or Frost hearer, 
¥\e. 2. It consists of two glass balls as free from air as pos- 
sible, and joined together by a glass tube. One of the Mdls 
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contains a portion of distilled wator, while the other parts of 
the instrument, which appear empty, are full of aqueous Ta- 
per, which prevents the farther evaporation of the water by 
the pressure the vapor exerts on it. But when the empty 
ball is plunged into a freezing mixture, all the vapor within 
it is condensed ; and then the evaporation becomes so rapid 
from the water in the other ball, as to freeze it in a few mi- 
nutes. To make this experiment succeed, the tube should be 
a yard long, the balls holding about a quart each. The same 
e&ct on water will be produced by the evaporation of ether 
under the exhausted receiver of an air pump. 

^yhis experiment* may be conveniently made by placing a 
little water in a glass cup, and covering it with ether, n&er 
Fig. 3. which suspend the cup within the receiver of 
the air pump, as shown at Fig. 3. On exhaust- 
ing the receiver, the ether will boil, in conse- 
quence of its rapid evaporation, and in a few 
minutes the water will be f^ozen.^ 

^Evaporation takes place constantly, from the 
surfaces of our bodies, and it is owing to this 
circumstance that men are enabled to undergo 
exercise during the heat of summer.^ 

In general, the more violent the exercise, the 
greater is the quantity of perspiration arising 
from the surface, and consequently the greater 
the quantity of heat carried away. In this 
manncjr nature regulates the heat of the system, 
and during health sustains the equilibrium of animal tempe- 
rature. vJVhenever this exhalation from the skin is suppressed, 
which only results from disease, the temperature, of the sjrs- 
tem rises, and fever succeed$(.> In some cases of this kind, 
the heat of the human body exceeds that of the standard bt 
health by seven or eight degrees. 

The natural temperature of the human body in health, if 
about 98 degrees, and whenever the heat of summer is equal 
to that of the body, it becomes exceedingly oppressive. Th 
least exertion then brings on copious perspiration, which, ki 
deed, prevents the immediate consequence of a higher aai 




HowmaywatertefiXMenbyUMenipofatioiiof tlliBrl Fiwn what prorlsion of m 
tarn an we enabled tn imb violem exercise in warm weather 1 How doee penpiiaUo 
nikratttfromtheeflbctsofexceanTeheatl Whattottweflectofw mp rMwdpwipiii 
tipn on the temperaum of our ^yataml 



12 CONDirCTOltS OV CALOftie. 

mal tanperature, but which is generally succeeded by laa- 
ffHOT and debility. ' 

( It is a wonderful fact, that the living animal has the power 
ot resisting both heat and cold, and of maintaining its own 
temperature, whatever may be the temperature of the air or 
water in which it is immersed:, ^Sir Joseph Banks, and Sir 
Charles Blagden, found by experiment that they could en- 
dure for a short time the heat of a room, the temperature of 
which was 264 degrees, that is, 52 degrees hotter than boil- 
ing water. These gentlemen found that their hands, cbuld 
not bear the heat of their watch-chains^ or metallic buttons, 
but that their chests felt cold, and that the temperature of 
their bodies was not elevated above 98 degrees. In this 
room, eggs placed in a tin frame, ,were roasted in twenty 
minutes, and beef-steak was well cooked in about the samv 
time.) 

Conductors of Caloric, 

Some bodies have the power of conducting caloric much 
more rapidly than others. Thus one can hardly hold a brass 
pin for a moment, in the flame of a lamp, without burning his 
fingers, while a piece of glass of the same size, may nave 
one of its ends melted with heat, without warming the' 
other. 

IBodies which are most dense are generally the best con- 
ductors. Thus the metals conduct better than stones ; stones 
better than earth; earth better than wood; and wood better 
than charcoal, cloth, or paper. But in particular cases there 
is no relation between the density of the body, and its power 
to conduct caloric. Thus platina is the most dense of the 
metals, and still it is one of the worst conductors among them ; 
and glass is a worse conductor, than many substances of less 
than half its density.) 

The conducting powers of different substances, are ascer- 
tained by making rods of the same length and size, of each 
substance ; one end of which being^ coated with wax, the 
other end is placed in a vessel of hot* water, and the state of 
the wax on each, at the end of a given time, will show its 
comparative conducting poAver. ^ 
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Solid substances, such as the metals, conduct caloric in all 
jif ections, whether upwards, downwards, or sideways, with 
.learly equal &cility. 

Of all solids, i^those which are most porous,"conduct heat 
with the least &cility. It is on this account that flannel is 
warmer in the winter, than silk or linen. It does not so 
readily conduct away the animal heat. V. It is owing to the 
air, which loose spongy substances involve, that they resist 
the passage of heat better than those of a closer texture! — 
Thus eider down, and fur, make the warmest clothings be- 
cause they contain tjie most air among their parts,' and for the 
same reason cotton batting is much warmer than the sam« 
weight of cotton cloth.N 

The imperfect conducting power of snow, also arises from 
this cause. ^Hhen newly fallen; a great proportion of its bulk 
consists of t^rair which it contains,\as may be readily proved 
by the comparatively small quantity of water it makes when 
melted. Such a provision was designed for the benefit of 
man, in preventing the destruction of various products of the 
earth during the cold of winter. Farmers, in cold climates, 
always lament the nakedness of the earth during the winter, 
because many of their crops are in consequence injured by 
its severity.^ So great is the protecting e^ect of snow, that 
in Siberia, it is said, when the temperature of the air has been 
70 degrees below the freezing point, that of the earth under 
the snow has seldom been colder than 32 degreei^ 

Our ordinary sensations every day convince us of the dif- 
ferent powers of various substances to conduct heat. In the 
winter, the different articles in a cold room convey very .dif- 
ferent sensations to the hand. A pair of tongs will conduct 
away so much heat from the hand 'as to give a sensation of 
pain, while a piece of fur, or flannel, scarcely feels cold, and 
yet both are of the same temperature, when tested by tho 
thermometer. 

Liquids communicate heat with considerable rapidity, 
though they conduct it so imperfectly that Count Rumford, 
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•fter many experiments, concluded that tbejr ^ere abaohitely 
non-conductors. 

Liquids convey heat chiefly by a change of place amoi^ 
their particles.. When a vessel of water is placed over the 
fire« that portion of the fluid nearest the heat having imbibed 
a portion of caloric, becomes lighter than before, and rises 
upward, communicating a part of its heat to the portions 
above. At the same time, that which is above sinks to the 
bottom of the vessel, and having obtained its portion of calo- 
ric, again rises, giving out a share to the surrounding fluid, 
like the former. In this manner does th^ water in the difl[er- 
ent parts of the vessel exchange places until the whole gains 
the temperature of 212 degrees. 

'^But though fluids convey heat chiefly by exchanging the 
places of their particles, yet they are not wh^Mwithout the 
power of conducting it in any ddrectioi^ 

Count Rumford, we have already stated, decided from his 
experiments that liquids were perfect non-conductors of heat; 
but Dr. Murray, and since him, other experimenters, have -es- 
tablished the contrary doctrine, v Dr. Murray's apparatus 
consisted of a vessel of ice, at the bottom of which was pla- 
ced a delicate thermometer. The vessel was then partly filled 
with oil, at the temperature of 32 degrees, so as to cover the 
bulb of the thermometer; and nearly touching the oil, was 
suspended an iron cup, into which was poured a quantity of 
boiling water. In seven and a half minutes the heat from the 
water had raised the thermometer from 32 degrees to 37^ 
degrees, when it became stationary, and then gradually be- 
gan to fall. 

Dr. Hope placed water in a vessel of eleven inches in dia- 
meter, and so contrived his apparatus, that a stream of cold 
water should circulate around this vessel, to prevent its con- 
ducting power from affecting the result. He then applied 
heat to the upper surface of the water in the vessel, and found 
by the indications of a thermometer placed in it, that the fluid 
conducted the caloric downwards. ". 

By such nice experiments only, has it been ascertained, 
that fluids conduct heat downwards; while under all ordi- 
nary circumstances, they may he considered perfect non- 
conductors. 
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Expansive Power of Heat. 

(One of the most remarkable properties of heat arises from 
ihe mutual repulsion of its particles, so that when it enters 
into other substances, it overcomes the cohesive attraction of 
their parts, making them less dense than before, and thus en- 
larging their dimensions. ) In general terms, therefore, heat 
expanas all bodies. The ratio of this expansion, Kowever, 
differs greatly in different substances. < Thus, with the same 
increments of heat, fluids expand more than solids, and aeri- 
form bodies more than fluids.^ There is also a considerable 
difference in the expansibility bf different solids and different 
liquids;^ but the aeriform fluids, as air and the gases, all ex- 
pand equally, with the same increase of temperainre.j 

The expansion of a solid is readily proved, by adapting a 

Eiece of metal, when cold, to an orifice, or notch, and then 
eating it, when it will be found too large for its former place. 
;. The cylindrical piece of brass, attachec 

to the handle a, Rg. 4, is exactly fitted 
to the notch in the plate b, and also to 
the aperture through the plate, so that it 
will enter the notch, and pass through 
the aperture, when cold ; bnt when heat- 
ed, even below redness, it will neither 
enter the notch, nor pass through the 
apertura This proves that heat enlar- 
ges, or expands the dimensions of solids 
in every direction. 

The relative degrees of expansion 
which different solids undergo, at low de- 
grees of heat, ,are shown by an instru- 
m^t called the pyrometen one form of which is seen at Fig. 5. 

' A rod of any 
metal,ci,is JEiid 
on thu rejits^ 
and oniL' end 
made tij touch 
the immovea- 
ble screw, i, 
while the oth- 
r end Louch- 
s [he index 
^c. Th'2 rod 



Fig. 4.. 



a 



5 




now dMB hml npcfiuj to aiOMgc ibc dJiMUfilcms ^^ boUira 1 
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is then heated by the spirit lamps d, and its comparative 6X« 
pansion is shown by the multiplied motion of the index e, 
along the- graduated scale\ 

In comparing different substances by means of this instru* 
mcnt, it will be necessary that all the rods should be of the 
same size and length, and that the heat of the lamps should 
be. applied the same length of time. 

^From experiments made with this instrument, it appears* 
that in most instances, 4here is a relation between the expan- 
sion of the metals, and their fusibility} and in general, that 
those which are most easily fusible, expand most with equal 
Increments of heat^ Thus lead, tin, and zinc, expand much, 
more by the same degrees of heat, than copper, silver, and 
iron, and the former are much more easily fusible than the 
latter. 

• The expansion of the metals by heat, is often turned to ad- 
vantage by certain mechanics emd artizans in their business. 
In constructing large cisterns for brewers, or other manufac- 
turers, the hoops are made too small for the circumference 
of the vessel. They are then heated, and in this state driven 
on the vess^, and as they contract in cooling, the vessel is 
thus bound together more firmly than could be done by any 
other means. Carriage-makers, by heating the iron band, or 
tire, which surrounds the wheels of carriages, and putting it 
in its place while hot, bind these parts together, with the 
greatest possible firmness." 

The great force with which metals contract on cooling, 
was strikingly illustrated some years since in Paris. The 
two sides of a large building in that city, haying been pressed 
out by the weio^ht of its contents and the roof, M. Molai^aro- 
posed to remedy the evil, by making several holes in tHWivo 
walls, opposite to each other, through which, strong iron bars 
should be introduced, so as to cross the inside of the build- 
ing, from one wall to the other. On the projecting ends of 
the bars, on the outside of the building, were screwed strong 
plates of iron. The bars were then heated, by which their 



What bodies expand least, and what mnst, by heat 1 What is said of the equal ex* 
pansion of air and the gases by heat 1 How is the expansion 4#'a piece or metal 
shown by fig. 4 ? How are relative degrees of exoMripn whldl^ mA.tU undei-go ao- 
certafneil V Explain fig. 5 What relation is ^jj^^Kf^^ j|lljiMftl ins on of mctala 
and their fusib lities? In what mechmical arta i^^B|i3OTlilft]|iftlfi metals, kv heat, 
earned to advantage 1 In what manner were the wSltf 4iMfE|| i'^ ^^'^ Urawk 
towards each other by means of heat Y ^^ 
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ends were made to project further beyond the walls, thus per- 
mitting the plates to be advanced, until ihey again touched 
the walls, which might be an inch, or more. The bars, then, 
on cooling, contractod, and drew the walls as much nearei 
each other as the bars expanded in heating. There were 
two sets of these bars, so that, while one set was contracting 
and drawing the wall to its place, the other set was heating, 
and prepairing to retain what was thus gained. In this man- 
ner, a, force was exerted, which the power of man could 
scarcely have applied by any other means, and by which the 
walls of an immense building were made to resume their 
perpendicular position.^ 

\jrhe expansion of a liquid by h-eat, may be strikingly shown 
by means of a glass ball, with a long small tube attached to it 
When the ball, and a p^rt of the neck, are filled with a liquid, 
and heat applied to the ball, the liquid expands, and continues 
to rise up the tube with considerable rapidity, until the liquid 
boils, when it will be thro\vn out with great force by the 
steanvo 

' The different expansibilities of different fluids by the same 

increase of heat may be shown by two such vessels as that 

just described. 

Fig. 6. /On the tube of each, fix a mark at the same 

g f\ height and fill one up to the mark with alcohol, and 

the other with water. Then plunge the bulbs of 

both into the same vessel of boiling hot water, thus 

making the heat applied to each, exactly equal. — 

Both the fluids will expand, and rise up the tubes, 

but the alcohol will be found to rise about twice 

as high as the water* 

It has already been remarked, that the ratio of 
.. ^A. J[ expansion in all aeriform fluids^ is equal, with 
^ ^ equal increments of heat^ 

^ If therefore, the ratio of expansion for one gas, 
as for instance, oxygen, be known, then the ratio for all the 
other gases, as well as that for the common air, which we 
breathe, will be indicated. 

From the experiments of several philosophers, it is proved, 
that this rate of expansion is equal to the -rhrth part of the 



•vS 



In what manner is the expansion of a fluid moat strikingly shown 1 How are the 
difikrem expansibilities of different fluids shown? Explain Fig. 6. How much more 
•xpansible 8 alcohol tbaa waterl What is the ratio of expansion in aeriform bodies 7 
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volume which the gas occupied, for every degree of Fahren- 
heit's scale, at 32'^ and upwards. This calculation is made 
from the experiments of Gay Lussac, who found that 100 
parts, or volumes of air, at*32°, expanded to 137.5 parts, 
when heated to 212°/ The increase of bulk for 180 degrees, 
that is, from the freezing to the boiling point, is therefore 
37^, which, by calculation, will be found nearly -rJ-oth pari 
for each degree. 

The expansion of air by heat may readilv be shown by 
blowing up a bladder, and securing the mouth by a string, so 
that none can escape, and then holding it towaids the fire. 
As the air becomes rarefied by the heat, the bladder will be- 
come more and more .ense, until it bursts with an explosive 
report. _ 

A more elegant experiment is, to take a 
glass tube, terminated by a bulb, and put in 
so much water as to about half filJ the tube, 
and then, having immersed it in a vessel of 
water, as represented in Fig. 7, apply the 
^ heat of a lamp to the bulb. As the heat 
rarefies the air in the bulb, the water will 
be forced down the tube, hut will slowly 
rise again to its former place, by the pres- 
sure of the atmosphere on the fluid, when 
the heat is removed,, and the air in the ball 
allowed to contract^ 

Radiation of Heat 
^" When we approach a heated body we become sensible that 
it emits caloric without touching it, and if a thermometer be 
carried near, this will indicate an increase of temperature. — • 
IThe caloric thus flowing from a heated bodv)is called radiant 
caloric, because it radiates, or is thrown off in all directions, 
like the rays of light from a radiant point. If the hand be held 
under the h *ated body, a sensation of warmth will still be 
perceived, which proves that this effect ^^ produced without 
the intervention of a stream of heated air, which is felt only 
above the hot body, and never below it. ' Neither is this 
effect produced by the gradual conduction of the caloric 
by the . air, for the heat from a hot ball may be felt in the 

What is the difTerence in the hulk of 10'! pans of air at the freezing and boiling points 
of water 1 VSThat simple exiteriments show the ex)jan8ion of air by heat 1— Explain Fig 
7. What is meant by radiant Ueait How is it proved tliat nuliaoi heal is not coodticted 
by the air 1 
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open air, at a distance from it and in the direction contrary to 
that of the wind. ( It is found also, that caloric radiates equal- 
ly well through all the gases, and better through a vacuum 
than any medium;') and hence we may infer that no medium 
at all is necessary for the passage of radiant caloric. 

When radiant caloric falls upon a solid or liquid, its rays 
are either reflected from it, and thus receive a new direction, 
or they lose theis radiant form entirely by absorption into the 
body.; Thus, a substance highly polishedf will throw the heat 
back, towards the radiating body, and remain cold itself; while 
another substance, with a rough surface, will become warm at 
the same distance, because it absorbs, but does not reflect the 
heat. Radiant heat, and light, follow eyactly the same laws 
in their passage to and from polished surfaces, the angles of 
incidence and reflection being equal. 



Fig. 8. 




Thus the ray a, c. Fig. 8, is the ray of inci- 
dence, and c, dy ^s the ray of reflection. The 
angles which a c make with the perpendicular 
line e c, and the plane of the mirror, are exact- 
ly equal to those made by c, d, ^yith the same 
•^perpendicular, and plane surface. (See Optics 
in Nat. Philosophy.) Hence with a concave 
mirror, the rays of heat, like those of light, 
may be concentrated, or collected to a focus, 
and by means of two such mirrors, very inter- 
esting experiments may be made, illustrating the 
laws of radiant heat, in several respects. 

Provide a pair of concave metallic mirrors, about ten or 
twelve inches in diameter, and two in concavity. They may 
be made of common tinned iron, or of brass, which is better, 
but much more expensive. 

Ilg, 9. These mir- 

rors may be 
supported by 
stands made 
of wood on 
which they 
slide up and 
dow^n, and 
are fixed by 
thumbscrews 
as represent- 
ed in Fig. 9. 




How is it du>wn that no 

3» 



at all is necaaaatyto Qonfey nitiaiit calofici 
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Place the mirrors at the same height, on a bench or table, 
exactly facing each other, and from ten to twenty feet apart, 
as they are less or more perfect, and place a screen of paper 
or other substance between them. Then in the focus of one 
mirror place a cannon ball, heated a little below redness, and 
m the other focus place a thermometer. When every thing" 
is thus prepared, remove the screen, and the thermometer 
will instantly begin to rise, and will finally indicate a degree 
of temperature depending on the size and perfection of the 
mirrors, their distance apart, and the heat of the ball. The 
focus of a twelve inch mirror of the ordinary shape, is about 
four and a half inches distant from the centre of concavity. 

By placing the if irrors near each other, and using a red 
hot ball, a much more striking experiment may be made, for 
on removing the screen, powder will flash in the focus as if by 
magic, since the eye cannot detect the cause on which its 
inflammation depends. 

The, dotted lines in the drawing. Fig. 9, show the course 
of the rays of heat from the hot ball to the thermometer. 
The ball being placed in the focus of the mirror, the caloric 
radiates to all parts of its surface, and being reflected under 
the same angles at which it falls, the rays are thrown into pa- 
rallel lines, and thus become incident rays to the second mir- 
ror. By the same law of incident and reflection, the se- 
cond mirror conveys the rays to a focus at the same distance 
before it, that the hot ball is placed before the first mirror, 
because their focal distances are just equal. The heat of 
the ball is therefore concentrated on the bulb of the ther- 
mometer, which is placed in the focus of this mirror. If a 
burning lamp be placed in the focus of the first mirror, and 
a piece of paper, or the hand, in the focus of the second, 
there will be seen a bright luminous spot on the paper or 
hand, showing that light follows the same laws of reflection 
that heat does. 

There is however a remarkable diflference between the sub- 
stances of which mirrors are commonly made, with respect 
to their powers of reflecting heat and light. A concave glass 
mirror, covered in the usual manner with amalgam, when 
placed before a red hot cannon ball, will reflect the light, 



Doea heat radiate through solid bodice 1 Explain Fig. 8, and show which is the 
nj of Incidence and which that of reflection. F'.xplain Fig. 9 ; show the diiection of 
llkB rays of heat from the heated ball to the mirrors, and from the mirror to the ther* 
nometer. IIqw w it showu by the mirror that heat and light follow the same lawt 
of reflection 1 
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but not the heat, the mirror itself ahsorbing the radiant ca- 
loric, and soon growing warm. But a well polished metallic 
mirror reflects both the heat and light, and although held so 
near an ignited body, as were it combustible, to be inflamed, 
it still remains cold. ^For the same reason, andirons, which 
are kept highly polished, will remain cold though near a 
winter's fire.. (Any one who has undertaken to boil water in a 
silver cup before the hre, will be convinced of the power of a 
bright metallic surface to resist the penetration of caloric. 

The nature or colours of the surfaces of bodies have also 
an important influence over their power of radiating caloric. 
When other circumstances are equal, the rate at which 
bodies cool appears to be in an inverse ratio to the polish, 
or brightness of their surfaces. \Thus, the surfaces of bodies 
are found to radiate heat more rapidly when they are rough 
than when smooth, and most rapidly when their surfaces are 
both rough and dark coloured, 

• Mr. L#eslie covered one side of a cubical tin vessel with 
lamp black, another side with writing paper, a third with 
glass, and left the fourth uncovered. 

The vessel was then filled with hot water, and placed 
before a concave mirror, in the focus of which was placed 

an air thermometer, as repre- 
sented by Fig. 10. On turning 
the black side towards the re- 
flector, . the fluid in the ther- 
mometer indicated a rise of 
temperature equal to 100°- 
the papered side being turned 
towards the reflector, the 
thermometer sunk to 98° ; 
the glass side indicated 90° ; 
and the metallic side only 
12°. The radiating power 
of these surfaces, therefore, 
are respectively to each other as the numbers 100, 98, 90, 
and 12. 




<2^ 
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What iB the difference between a mirror of glass and one of metal, in their powers to 
leflea heat and light 1 Why do polished andirons remain cold when near the fire 1 
Why is it difficult to boil water in a bright metallic vessel 1 What effect does the nature, 
or color of a surface, have on its radiating power? Describe Fig. 10, and explain how 
the different surfaces affect the thermometer 
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V Various practical uses may be made of this principle in 
the common concerns of life. 

f A close stove, intended to warm a room bv radiating its 
heat to the objects surrounding it, should be dark coloured, 
with a rough surface; while one intended to warm with hot 
air passing through it, should have a bright metallic surface.' 
A dark, rough ^^tove pipe, passing through a room, might ren- 
der it comfortably warm; while a poli.shed tin pipe, of the 
same length and dimensions, would hardly change its tem- 
perature perceptibly. For the same reason, a highly polish- 
ed metallic coffee pot will keep its contents hot, while the 
contents of one made of dark earthen ware would become 
nearly cold. ^ 



Specific Caloric. 

Equal weights of the same substance, at the same tempe- 
rature, contain equal quantities of caloric; but equal weights 
of different substances at the same temperature, contain un- 
equal quantities of caloric. The quantity peculiar to each 
body, or substance, is called specific cahrict When one 
body of the same weight is found to contain more caloric 
than another, that containing the most, is said to possess the 
greatest capacity for caloricr 

When equal quantities of the same fluid at different tem- 
peratures are mingled together/ the resuhing temperature is 
a medium between these temperatures. Thus, if a quart of 
water at 100^, be mixed with another quart of water at 40° 
the temperature of the mixture will be 70°. The same re- 
sult will occur when any other liquid is mixed in equal propor- 
tions, but af different temperatures, as oil, alcohol, or mer- 
cury. But when equal quantities of different fluids are min- 
gled together, at different temperatures, the resulting tem- 
perature is not a medium, but is either above or below it. 

We should expect without experiment, that quicksilver 
would possess a greater capacity for caloric than the same 
bulk of water, and therefore that when equal quantities of 
these two fluids at different temperatures are mixed, the 

What practical uses may be made on the principlej established by Mr. I.esli«'8 expo* 
riment 1 Why does a bright coflee pot keep its contents warm Iong:er than one that it 
tarnished 1 What is meant by specific caloric 1 What is meant by capacity for caloric 1 
Suppose equal quantities of the same fluid at diflerent temperatures are mixed, whflf 
will be the resulting temperature 1 
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resulting temperature would be above the arithmetical mean. 
But in this we are disappointed ;/ for if we mix a quart of 
water at 40° with a quart of quicksilver at 100°, the tempe- 
rature of the mixture will not be 70°, as in the experiment 
with the water alone, but only 60S. This proves that a 
quart of quicksilver, although it weighs about fourteen times 
as much as a quart of water, still contains less caloric, and 
therefore that(^ water has a greater capacity for caloric than 
quicksilver.; For, in the first experiment, a quart of water 
at 100° raised the temperature of another quart at 40° to 
70°; but here a quart of quicksilver at 100° raises the heat 
of the same bulk of water to only 60°. The quicksilver, then, 
loses 40°, which nevertheless raises the temperature of the 
water only 20°. 

The relative capacities of water and quicksilver for heat, 
may be shown by mixing equal weights of the two fluids at 
different temperatures, and then ascertaining how much iho 
resulting tr-mperature differs from the arithmetical mean. 

Mix a pound of water at 100° with the same weight of mer- 
cury at 4t)°, and the heat of the mixture will be 98° ; that is, 
28° above the arithmetical mean, because when equal 
weights of water were mixed at these temperatures, the re- 
sulting temperature was only 70° ; but here it is 98. The 
water, then, has lost only 2°, w hile the same weight of mer* 
cury has gained 58°, for the temperature of the meroury be- 
fore the mixture was only 40°, w-nile that of the water was 
100°. ^The capacity of water for heat, is therefore to th» 
capacity of mercury for the same, in the proportion of 58 to 
2, or as 29 to l.y 

It appears from a great variety of experiments made by 
different philosophers on this curious subject, that whatever 
may be the cause of the different capacities of bodies for 
heat, the effect is greatly influenced by the state of density in 
which bodies exist, and that in general their capacities! in^ 
crease, in a ratio to the decrease of their specific gravities. 
In the, above experiment, the capacity of water is to mercury 
as 29 to 1, while their specific gravities are as 1 to 14. 

Various methods have been employed by philosophers to 
ascertain the capacities of the several gases for heat. 



When fluids of different Vlmla are mixed under the sanie circumstances, will the resul^ 
Ing temperature be ametUura 1 Which fluid has the greatest capacity for caloric, water 
or quicksilver 1 How is this shown 1 If a pound of mercury at 40° be mixed with • 
pound of wat^r at 100 \ what will be the resulting tempert^titroT 
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To determine and compare the relative capacities of these 
bodies in this respect^ Gay Lussac contrived an apparatus, by 
means of which, a hot current of one o-as met a cold current- 
of another gas, in the centre of a small reservoir, containing 
a thermometer. A thermometer was also placed in the cur- 
rent of each gas before they met. Thus by knowing their 
temperatures before their mixture, and afterwards, it was easy 
to infer their respective capacities for caloric.^ 

Bernard, in order to determine the specific caloric of elas- 
tic fluids, caused them to pass through a pipe inclosed in a 
larger pipe, the latter being constantly filled with steam.y In 
this manner he was enabled to know precisely the temperature 
of the gas under experiment, and also to raise the tempera- 
ture of each to the same degree. Having thus determined 
its temperature, the gas was then made to pass info a spiral 
tube immersed in cold water, and the specific caloric of each 
gas was inferred by the quantity of heat it imparted to the 
water. By these and similar experiments, it has been ascer- 
tained that the aeriform fluids diflTer greatly in the quantities 
of their specific caloric, — ^thus, the capacity of hydrogen for 
caloric is more than 12 times greater than the capacity of an 
equal bulk of atmospheric air, though the air weighs about 13 
times as much as the hydrogen. It is also ascertained that 
out of nine gases on which experiments were made, none ex- 
cept hydrogen has a capacity for heat equal to that of water, 
but that they all have greater capacities than any of the me- 
tals. Hydrogen, the lightest of all bodies, has the greatest 
capacity for heat, while the metals, the most ponderous of all 
bodies, have the least. 

The same substance by having its bulk enlarged, and con- 
sequently its density decreased, acquires an increased capa- 
city for caloric. Thus water, when thrown on the bulb of a 
thermometer, sinks the mercury, because, in assuming the 
form of vapour, its capacity for caloric is increased, and it 
consequently absorbs and carries away the heat from the mer- 
cury. Some philosophers have accounted in part, for the 
intense cold in the upper regions of the atmosphere, on tho 



What arc the proportionate capacities of mercury and water for heat 1 In general, do 
the capacities of bo<ries for he^i increase, or decrease, with their densities 1 By what 
method did Oay I.urrac detennine the capacities of the gasej* for caloric? By what me- 
thod did H.-^rnanl determine the capacities of the ga^es for caloric? What gas has ih.. 
greatest capacity for heat 1 In general, what class of bodies have the greatest, and what 
(he lea£st capacity for heat 7 
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supposition of the increased capacity of the air for heat as 
the pressure of the incumbent atmosphere is removed.; n On 
Jthe contrary, we know, that by increasing the density of air, 
its capacity lor caloric is diminished, and that under certain 
circumstances sufficient heat may be set free in this raannei 
to produce ignition^ 

Fig. 1 1. This effect may be produced by the little instru- 
rtient represented by Fig. 11. It consists of a metallic 
tube ten, or twelve inches lorfg, the bore of which is 
less than half an inch in diameter. To this is fitted 
a rod and piston, moving air tight, the lower end of 
the piston being excavated to receive a little tinder. 
When the pic-'on is suddenly forced down, nearly to 
the bottom of the tube, the condensation of the air it 
contains, evolves so much heat, as to set fire to the 
tinder in the end of the piston, and in this way a fire 
may conveniently be kindled. 

Thermometer. 

(The thermometer is an instrument founded on the principle, 
that the expansion of matter is proportional to the augmen- 
tation of temperature, and is designed to measure the varia- 
tions of heat and cold., 

The first attempt to measure such variations on this prin- 
ciple was made by^ Sanctorius, an Italian physician, in the 
seventeenth century.;. He employed a glass tube blown into a 
ball at one extremity, and open at the other. After expelling 
a small part of the air by heating the ball, the open end was 
plunged Into a vessel of colored fluid, and as the air in the 
ball cooled, the fluid ascended up the tube. Any variation of 
temperature by expanding, or contracting the air in the ball, 
would then cause the liquid in the tube to rise or fall. An 
arrangement of this kind is represented at Fig. 7 



If a body has Us bulk enlarged, is its capacity for heat increased or diminished there- 
by 7 How has the intense cold of the upper regions been accpunied for on this princi- 
pLsl How is it proved that the air has less capacity for beat when condensed than 
oiherwise l'y»On what principle is the thermometer coasinictedl Who first con- 
•tructed thermometers J What fluid was first employed to indicate tlie variations of 
Itmperalure 1 
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Fig. 12. A better construction for an air thermometer is 
represented at Fig 12. It consists of a thin glass bot- 
tle, containing a small quantity of a colored liquid, and 
stopped closely by a cork. Through the cork is passed 
a broken thermometer tube, open at both ends. This 
tube descends nearly to the bottom of ihe bottle, and 
dips into the fluid. There is, therefore, a quantity of 
air above the fluid which cannot escape, and when this 
expands by the application of heat, the fluid is forced 
r|k up the tube. Thus the height of the fluid will indicate 
/[ \ the expansion of the air, and consequently, the degree 
^^ of heat to which the instrument is exposed. 
There are, however, two oLjtctions to the employment of 
air for this purpose. Its expansions and contractions are so 
great even by small changes of temperature, that a tube, se- 
veral feet in length would be required to measure them; and 
as air suffers condensation by pressure, the variation of the 
barometer would aflfect its height, at the same temperature. 

For these reasons, the air thermometer, for common pur- 
poses, is both inconvenient and inaccurate, and therefore has 
long since been laid aside. There is, however, a modific^i- 
tion of this instrument, invented by Mr. Leslie, and called 
the differential thermometer, which for certain purposes is a 
very elegant and useful instrument. 

Pig, 13. V A drawing of this instrument is represented by 
^P\ Fig. 13, and it is designed, as its name imports, to 

^j^ shew the diflference of temperature between two 

places at short distances from each other. It con- 
f^^ sists of a glass tube terminated at each end by a 
[ \J bulb, and bent as sho^^'n in the figure. The tube 
L j is partly filled with some colored fluid, as sulphu- 
ric acid, tinged with carmine, or alcohol, colored 
by cochineal, the bulbs and other parts of ihetube 
being filled with air. 

It will be obvious, from the construction of this 
instrument, that it cannot indicate the temperature 
of the atmosphere, since an equal expansion of 
the air in both bulbs would press equally on the 
fluid in both legs of the tube, and consequently 
it would rise in neither. But if one bulb is ex- 



Describe the construction of an air thermoraeter. What rre the objections to air ther^ 
mometeral How is the diflereniial thermometer conatnicted, and lor what purpoMS >• 
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posed to a higher temperature than the other, then the ex- 
pansion of the air in this, will be greater than in the other, 
and consequently the fluid will rise towards the bulb where 
the air is least expanded. 

The use of this thermometer, then, consists in showing the 
iifference of temperature to which the two bulbs are exposed, 
as in experiments on the radiation of heat, already described. 
The scale affixed to one of the legs, shows the rise in degrees, 
and is divided into 100 parts. The legs are six inches long, 
and the* bulbs an inch or a little more in diameter. The 
stand may be of glass or wood. Some of these instruments 
are so delicate as to be afl^ected by the approach of the hand. 

Air, being inapplicable to the construction of thermometers 
for the purpose of measuring the absolute temperature of 
places or things, for the reasons already noticed, solid bodies 
are equally so from a contrary defect>^ their expansion by 
heat being so small as not to be appreciated without the 
adaptation of complicated machinery. , A perfect substance 
foi this purpose, would be a fluid, which would expand uni- 
formly with equal increments of heat, and which would nei- 
ther freeze nor boil at any temperature to which it might be 
exposed..' vMercury^approaches nearer to these conditions 
than any other substance, and therefore this is the fluid now 
almost universally employed. 

The blowing of the best thermometer tubes requires much 
experience and skill in the workmen, and is performed only 
by particular artists. This is the most difficult part of its 
construction. The mercury is introduced by heating the 
bulb, and thus rarefying the air within it, and then dipping 
the open end of the tube into a vessel of the fluid. As the air 
contracts within by cooling, the pressure of the external at- 
mosphere forces the mercury to enter the tube to supply its 
place. When the bulb is nearly filled in this way, the mer- 
cury is boiled, to expel the air; 

Having filled about one third of the tube, the open end is 
sealed hermetically, that is, by melting the glass. This is 
done while the mercury in the bulb is heated nearly to its 
boiling point, so as to exclude all the air. 

Having sealed the end of the tube, the next step in the 
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construction of the thennometer, is its graduation. This it 
done hy ascertaining two fixed and invariable points on the 
tube, which are the same in every thermometer, and then by 
making a scale of equal divisions between these two points. 
These are the freezing and boiling points. 

The freezing point is found by immersing the bulb of 
the thermometer in melting snow or ice) for it has been as- 
certained, that the temperature of water flowing from melting 
snow or ice, is every where the same, whatever may be the 
heat of the atmosphere where the experiment is made. The 
boiling point is slightly affected by the pressure of the atmos- 
phere ; but the thermometer will be sufficiently accurate for 
all ordinary purposes, when this point is asceriained'Jby im- 
mersing the bulb in pure boiling water, open to the air. and 
on the level of the sea, during pleasant weather.) {See Ba- 
rometer, in Nat. PhUosopky.) 
Fig. 14. The freezing and boiling points are marked with 
a diamond or file, on the tube ; and on the scale to 
be afterwards affixed^he freezing point, is marked 
32. and the boiling point, 212.) The interval be- 
tween these two points is then accurately divided in- 
toj 1 80 equal parts.\ This is the di vision of Fahren- 
heit's scale, the thermometer generally employed 
in this country, and is the only scale referred to in 
this work. 

VThe commencement of this scale is 32 degrees 
below the freezing point, and is called zero^ being 
marked with the cipher 0, to signify the total ab- 
sence of heat.) This degree of cold, it is sup- 
posed, Fahrenheit obtained by mixing snow and 
common salt, and it was probably the greatest de- 
gree of cold known in his time, though at the pre- 
sent day certain mixtures produce much greater, 
and at a future period, the progress of science may 
show the means of abstracting heat, so as to solidify 
even the air we breathe. The absolute zero must 
therefore be considered an imaginary point. 

Besides the Zero and the freezing and boiling 
points, marked on Fahrenheit's scale. Fig. i^ 
there are also noted the temperature of the blood, 
and the heat of summer, and sometimes other 
points, as fever heat, &c. 
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' Cold is a negative condition, and depends on the absence, 
/Or privation of heat! Intense artificial cold maybe produced 
(by the rapid absorption of heat during the conversion of 
solids into liquids.^ Dr. Black long slace discovered the 

Erinciple, that when bodies pass from a denser to a rarer state, 
eat is absorbed and becomes latent in the body so transform- 
ed, and consequently^cold is produced.} (And also that when 
bodies pass from a rarer to a denser state, their latent heat is 
evolved, and becomes sensible^^ 

It is known to almost every one, that dissolving common 
salt in water, particularly if the salt is fine, <!ivill render the 
water so cold, even in summer, as to be painful to the hand.) 
^he salt, as it passes from the solid to the liquid state, absorbs 
caloric from the water, and thus the heat that was before sen- 
sible, becomes latent, and cold is producedji 

/On the contrary, when a piece of lead (Jr iron, is beaten 
smartly with a hammer, it becomes hot, because the metal, in 
consequence of the hammering, has its capacity for caloric 
reduced, and' thus the heat which was before latent, now be- 
comes sensible.^ /For the same reason, when air is compress- 
ed forcibly in a tube, or as it is sometimes called, in a fire- 
pump, as already explained, the heat, which was before latent, 
becomes sensible,/ because the condensation lessens its capa- 
city for caloric.V 

The principle on whkh all freezing mixtures act/ is there- 
fore the change of state) which one or more of the articles 
employed undergo, during the process, and this change con- 
sists in an enlarged capacity for caloric. The degree of cold 
will then depend^' on the quantity of caloric which passes 
from a free to a Iktent stated and this again will depend on 
the quantity of substance liquefied, and the rapidity of the 
liaucfaction. 
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The substances most commonly employed for this purpose 
ore those originally used by FaHrenheit, to produce the zero 
of his thermometric scalef viz. common salt and snow, or 
pounded ice^ For this purpose the salt should be fine, and 
the ice, which must always be used in summer, is to be re- 
duced to small particles in a cold mortar. 

Fig. 15. '<The vessel to contain the substance to be 
c-;r — -j^ frozen, may be made of tin, and of the shape 
represented by Fig. 15. It is simply a tall ves- 
sel, holding a few pints, with a close cover, and 
a rim round the top, for the convenience of 
liandling it. For common purposes, this may 
be set into any convenient wooden vessel, (hav- 
ing first introSuced the substance to be frozen,) 
and then surrounded by the freezing mixture. 
The only care to be taken in this part of the 
process is, to see that the freezing mixture in 
the outside vessel reaches as high as the con- 



tents of the internal one.) With two or three pounds of fine 
common salt, and double this weight of pounded ice, three or 
four pints of iced cream may be made in this way, during the 
warmest days of summer. The process requires two or 
three hours, and while it is going on, the vessel should be set 
in a cellar, or covered with a flannel cloth,, as a bad conductor 
of the external heat. 

l^hen the thermometer is at 32°, the cold generated by 
the above process, sinks it down to zero, as above, staled./ By 
this method, two solids are changed into liquids, and both du- 
ring the change, absorb caloric from the contents of the inner 
vessel, tl'he salt melts the ice in consequence of the avidity 
with which it imbibes moistureijor bv reason of its affinity to 
water, and the water in ils turn dissolves the salt.. 

Other substances having a stronger affinity (see affinit}^ 
for water than common sail, will produce the same effects 
still more powerfully. Thus, muriate of lime (see this article) 
five parts, and ice four partsj will sink the thermometer from 
32° to 40° below zero, that is, in the whole, 72 degrees. At 
this temperature, mercury freezes. A still more effective 
mbcture is four ports of fused potash, and three parts of snow. 
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This is said to sink the mercury from 32° to 50* below zero, 
that is, 82 degrees. In these experiments the thermometers 
are filled with alcohol, instead of mercury. 

Freezing mixtures are also made of a solid and a fluid. 
(One of the most efifectual of this kind is composed of diluted 
sulphuric acid and snow, or pounded ice.N This sinks the 
mercury from 32'* to 23" below zero.- 

Though ice or snow is commonly employed for this pur- 
pose, still powerful frigioric effects may be produced without 
either, the absorption of caloric being caused by the rapid 
solution of a salt in a fluid. ^One of the most common and 
cheap among these is a mixture^of sulphate of soda or Glau- 
ber's salt, and diluted sulphuric acid. This sinks the mer- 
cury from 50* to 3* above the freezing point, that is 47". 

In describing experiments of this kind, it should always be 
noted from "what point the thermometer begins to descend, 
otherwise no judgment of the power of the freezing mixture 
can be formed. If, for instance, a mixture would cause the 
depression of the thermometer from, and below any given 
point, then by repeating the process continually, we should 
be able to finj the absolute zero. Thus, by means of muriate 
of lime and snow, the thermometer is made to sink 82*, that 
is, from 32* above, to 50* below zero. Now if the same 
cause would again produce the same effect, by its re-appli- 
cation, the thermometer would sink to 132* below zero, a 
degree of cold never yet produced by any means. \But an 
unlimited degree of cofd can never be produced by the art of 
man ; for it is found on experiment, tluit^when tfie tempfera- 
ture produced by the freezing mixture is greatly below that 
of the air, the caloric is so rapidly communicated, ab to pre- 
vent any effect by repeating the process. ' Mr. Walker, who 
made a' great number of experunents on this subject, wa3 
never able to produce a greater degree of cold than that of 
100* below the zero of Fahrenheit. ^ 

Sources of Caloric. 
CThe sources of caloric may be reduced to six, viz. The 
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Sun, CombtJStion, Electricity, the bodies of living warm 
blooded animals, Chemical action, and Mechanical action. -^j 

:The /Smti constantly radiates caloric to the earth, and is 
the great fountain of heat to us and to the whole solar 
system. 

Combvstion. This supplies the heat employed in the arts, 
and for culinary purposes. In this process the caloric is ex- 
tricated from the oxygen of the atmosphere, as it unites with 
the burning body and supports its combustion.-^ The light is 
supposed to be furnished by the burning body. 

Eltctricity. Whenever two bodies in opposite electrical 
states are made to approach each other, so as to produce a 
discharge through the air, or along a nonconductor, there 
appears a flash of light attended by heat. By the action of 
Galvanism, which is a modification of electricity, the most 
intense heat hitherto kno^n has been produced. 

VWhen the electric fluid passes through a piece of metal, or 
other conductor, of sufficient size, no phenomena are produ- 
ced ; but in its passage through a nonconductor, or through a 
conductor which is too small to admit of a free passage, heat 
is produced.. (See Electricity, in Nat. Philosophy.) 

Vital action. The bodies of air breathing animals are a 
continual source of heat. The numerous theories which 
have been invented to account for the cause of animal heat 
cannot here be investigated. < That it however depends on 
the oxygen of the atmosphere which we breathe, seems to be 
proved by the fact, that animal warmth cannot for any length 
of time be sustained without it. 

Chemical action. Chemical action without. combustion is 
capable of producing considerable degrees of heat. . ^If water 
be thrown on unslacked quicklime, in small quantities at a 
time, its heat will be gradually augmented to nearly 1000 
deg., or so as to igiiite wood. The heat in this experiment 
is accounted for, on the law already explained, that when 
bodies pass from a rarer to a denser state, caloric is evolved. 
The slacking lime absorbs the water and retains it as a part 
of its substance, and thus a fluid is converted into a solid, 
with the evolution of much caloric^ 
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If three parts of strong sulphuric acid and one of water be 
suddenly mixed together, a degree of heat considerably, 
above that of boiling water will be produced, yin this case 
the heat is also accounted for on the principle of condensa- 
tion, for if the two fluids be measured before and after mix- 
ture, it will be found that their union has occasioned a loss 
of bulk, and probably also a loss of capacity for caloric? 

The inflammation of Spirit of Turpentine by nitric acid 
is a case of intense chemical action, in which 1000 de- 
grees of heat are evolved. About an ounce of the turpentine 
with the same weight of nitric, mixed with a little sulphuric 
acid, are the proportions. The acid should be poured on 
the turpentine from a vessel tied to a line several feet long, 
as the explosion sometimes throws the burning matter to a 
considerable distance.\ 

Mechanical action. vThis mcludes percussion, fric Hon, and 
e<mdensation.j 

^Caloric is evolved by the percussion of hard bodies against 
each other. This is owing to the condensation of the body 
struck,, in consequence of which its latent heat becomes sen- 
sible. / 

If a piece of soft iron be struck smartly several times with 
a hammer, on an anvil, it becomes hot, and even red hot, if 
the experiment be well conducted. 

When a piece of steel and a flint are struck together, the 
condensation produces so much heat as to set fire to the 
small particles of steel which at the same time are struck off 
by the blow. 

Friction, Caloric is evolved, or produced by friction. 
The friction of machinery when the motion is rapid, frequent- 
ly causes so much heat as to set the wood on fire. The in- 
habitants of various nations obtain fire by rubbing pieces of 
dry wood together. The friction of carriage wheels some- 
times sets them on fire. 

(The principle on which caloric is produced by friction has 
not been demonstrated. ^ It cannot be referred to condensa- 
tion, since the rubbing of two sofl bodies together, such as 
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the hand against the coat sleeve, or the two hands against 
each other, causes heat. 

Count Rumford, who made a laborious and varied course 
of experiments on this subject, was led to the conclusion that 
the heat produced by friction could not be connected with 
the decomposition of oxygen gas, nor with the increase of 
density, nor could it be caused by any change in the specific 
caloric of bodies. Others have also made experiments with 
a view to determine this question, but as yet no one has pre- 
tended to give any satisfactory explanation of its cause. 

/The Condensation of an elastic fluid by sudden pressure 
causes heat, as has already been explained, and illustrated 
/by Fig. 11. The heat evolved in this case arises simply 
f from the diminished capacity of the air for caloric, in conse- 
quence of its increased density.? 
Light 
The next imponderable agent which falls under our notice, 
is light. The investigation of the properties of light, — ^its 
laws of reflection and refraction, and its -effects on the sense 
of vision, and subjects belonging (to the science of Optics. > 
{See Optics in Nat. Philosophy.) iSome of the effects of 
light are however properly considered here, since they pro- 
duce chemical phenomena.^ 

Light may be decomposed by means of a prism^nto seven 
primary colours^ The succession of these colors, t)eginning 
with the uppermost, is ^violety indigo^ bltie^ green, yellow, or- 
ange, red.') 

/The decomposition of light, only requires that a ray should 
be admitted through a small aperture into a room, and made 
to pass through a triangular prism, as represented by Fig. 

16. ; 

Fig. 16. The direction of the 

ray towards the point 
c will be changed by 
kthe refractive power of 
the prism, and at the 
same time it will be de- 
composed into the col- 
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ors already named, the violet corresponding with 1, and the 
red with 7. (. It may be observed by ihft fig-ure, that the red 
is refracted least, and the violet most, from the direction of 
the original ray, these two colours terminating the under and 
the upper parts of the spectrum.^ 

These seven, are called the (primary colours^ since they 
cannot by any known means be again decomposed, or sepa- 
rated into otier colours. The whole seven are called the 
/solar spectrum.') 

^ (The heating powers of these several colours are different) 
Take a sensible air thermometer (fig. 13) and move the bulb 
in succession through all the coloured rays, waiting at each 
for the fluid to rise, or fall. \^The thermometer will be found 
to indicate the greatest heat in the red ray, next in the green, 
and so on in a diminishing ratio to the violetx 

When the thermometer is moved a little oeyond the red 
ray, but in a line withAhe spectrum, the heat is still greater 
than in the ray itself These heating rays areQnvisibl^ to 
the eye, and hence it is concluded that there exists in the so- 
lar beam, a distinct ray which causes heat, but no light. 

The illuminating power of each primary ray in the solar 
spectrum, is different from the other, \jrhis is proved by 
permitting the spectrum to fall on a large printed sheet, of 
the same sized type, when it will be found, that at the same 
distance, the parts illuminated by some of the rays can be 
read, while those illuminated by others are indistinct. ) 

\JLight is capable of being absorbed by certain substances: 
of remain inof in them for a time, and then of being extricated 
unaltered. /Such bodies are called solar phosphoriT) , 

\ Phosphorescence. 

(phosphorescence may be defined, the emission of light 
without sensible heat, or without combustion^ 

/A considerable number of substances have the power of 
absorbing a quantity of light when exposed to the rays of the 
siin, and of emitting it again, so as to become luminous in 
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the dark. ) Most substances lose this property in a short time, 
but acquire it again by another exposure to the sun, and this 
may.be repeated any number of times. Several substances 
by this treatment become so luminous as to render minute 
objects visible in the dark. \Canton*s phosphorus is of this 
kind, and may be prepared as follows : Calcine common oys- 
ter shells in the fire for an hour ; then select the purest and 
whitest parts, and reduce them to fine powder. Mix three 
parts of this powder with one of sulphur, and having pressed 
the mixture into a crucible, keep it* red hot for one hour. 
Then let the crucible cool, and select the brightest and purest 
parts, which cork up in a dry vial for use. ) 

^hen this composition has been exposed for a few minutes 
to the light of the sun, and then carried into the dark, it will 
be sufficiently luminous to show the hour by a watch dial.^ 

The same property is possessed by compositions called 
Romberg's and Baldwin's phosphorus. The diamond, also, 
possesses this property, as shown by the celebrated experi- 
ment of\pufay, who, having exposed a diamond to the light, 
immediately covered it with wax, and on removing the wax 
several months afterwards, found that it shone in the dark^ 
^ Some substances phosphoresce by friction ; seme Iby 
scratching, and others by heat. \ 

That variety of carbonate ol lime called dolomite, gives 
light on being rubbed. Loaf sugar mixed with whites of eggs 
and dried, as is done for the frosting of cake, emits a streak 
of light on being scratched with a sharp point. Several va- 
rieties of fluate of lime, and of marble, emit light when 
coarsely powdered and thrown on a hot plate of iron, so as 
to be seen in the dark. 

A piece of tobacco pipe, or a piece of quicklime, when 
heated by the compound blowpipe, or by other means to a 
degree which would only make other bodies red, give out a 
brilliant phosphorescent light, which is so intense as to be 
come intolerable to the eyes. 

Another kind of phosphorescence may be observed during 
the decomposition of certain animal substances. (Thus, if a 
small piece of fresh herring, or mackerel, be put into a two 
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ounce vial of sea water, or into pure water, with a little com- 
mon salt, and the vial be kept in a warm place for two or 
three days, there will then appear a luminous ring on the 
surface of the water, and if the vial be shaken, the whole will 
give a phosphorescent light. > 

Light produces very material effects on the growth of all 
vegetables, from the most humble plant, to the tallest tree of 
the forest. /Plants, vegetating in the dark, are white, feeble, 
almost tasteless, and contain but little combus:ible or carbo- 
naceous matter.ft^n exposing such plants to the light of the 
sun, their colours become greftn, their tastes become much 
more intense, and the quantity of their combustible matter 
becomes greatly increased.^ These changes are strikingly 
obvious, and beyond all douot depend on the agency of light. 

Light not only affects the natural, but in many instances, 
the artificial colours of things. /'In this respect, however, its 
effects appear not to be reducible to any general law, for in 
some instances it destroys, and in otheis it augments, or even 
creates, the colours of bodiea. 

On exposing bees wax to^he sun and moisture, its coloui 
is discharged, and it becomes white ; it is also well known 
that the colours of printed goods, and of carpets, are changed 
or faded, by the same influen'^e; and that the former mode 
of bleaching, consisted in exposing the cloth to the united 
influence of light, air, and moisture. 

On the contrary, the colours of plants appear to be exclii- 
siveljf owing to their exposure to light;jand various chemical 
preparations, such a^phosphorus, and tne nitrate and chloride 
of silver, become dark coloured, and even black, by the influ- 
ence of lights 

Light has also an important and curiotis influence on the 
crystallization of salts. Make a strong solution of the sul- 
pKate of iron, in water, and place it in a shallow dish. Cover 
one half of the dish with a black cloth, and set it in a darkened 
room, permitting only a single ray of light to enter, so as to 
strike upon the solution in the uncovered part of the dish. 
Thus one half of thr^ solution will be exposed to the light, 
while the other half will be in darkness. After the dish has 
Stood in this situation for a day or two, it will be found that no 
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signs of crystallization are to be seen in that part of the solu- • 
tion which has been kept in the dark, while that part which 
has been exposed to the light will be completely crystallized^ 
Another curious fact connected wich this subject, is, that 
plants emit oxygen gas, through the influence of the sun's 
tight. ^To make this obvious, fill a tall glass vessel, such as 
a bell glass, with water, and invert it into another vessel of 
water. Then introduce into the bell glass some sprigs of mint 
or any other plant of vigorous growth, and expose the whole 
to the action of the sun. Small bubbles of air will soon ap- 
pear, as though issuing from the leaves of the plant. These 
will, one after another, detach themselves and arise to the 
upper part of the vessel, and on examination, the air thus 
extricated will be found to consist of very pure oxygen gas. ^ 
{See Oxygen.) 

{In this experiment, the water serves only as the means of 
collecting the oxygen ; the water itself not being decomposed 
by the plant, but only the air Vhich it contains. The air 
which we breathe contains a quantity of carbonic acid, which 
is decomposed by the organs of the plant, the carbon being 
retained, while the oxygen is emitted, v (See Vegetation.) 

Electririty. 

The third imponderable agent is Electricity, including 
Galvanism. 

The ancients knew nothing of electricity as a science. 
They knew indeed that amber and glass, when rubbed, would 
attract light substances; and about the beginning of the eigh- 
teenth century, it was discovered that a certain stone called 
tourmaline^ would attract feathers and hair when heated, and 
that some precious stones would do the same when rubbed. 
As an important science^ electricity can claim no higher date 
than the age of Franklin^ 

Galvanism is of much more recent date than electricity.'. 
This science owes its name and origin to an accidental dis- 
covery made by Galvani, an Italian, in 1791. Galvani was 
professor of anatomy at Bologna, and his great discovery 
seems to have been owing indirectly to the sickly condition 
of his wife. This lady being consumptive, was advised to 
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(afre soup made of the flesh of frogs, as the most delicate nu- 
triment One of these animals, ready skinned, happened to 
lie on a table in the professor's laboratory, near which stood 
anelectrical machine, with which a |upii was making expe- 
riments. While the machine was in action, the pupil chan- 
ced to touch one of the legs of the frog with a knife which he 
held in his hand, when suddenly the dead animal was thrown 
into violent convulsions. This singular circumstance excited 
the attention of the sick ^ady, who was present, and it was 
communicated to her husband, who was out of the room at 
the time. Galvani immediately repeated the experiment, and 
soon found that the convulsions took place only when a spark 
was dra^vn from the electrical machine, the knife at the same 
time touching the nerve of the frog. He also ascertained 
from further investigations, that the same contractions were 
excited without the agency of an electrical machine, provi- 
ded he employed two metals, such as zinc and silver, one of 
which was made to touch the nerve, while the other touched 
ihe muscle of the frog. [See Gtdvanism,] It is from such 
a beginning that the now important science of Galvanism had 
its origin, 

^Electricity, as an agent, is considered as an exceedingly 
subtle fluid, so light as not to aflTect the most delicate ba- 
lances, — moving with unmeasurable velocity, and pervading 
all substances:) Jt is therefore its effects on other bodies, 
only, or its phenomena, which it is in our power to examine.^ 
The simple facts on which the whole science of electricity 
is founded, may be stated in a few words. 

^ If a piece of glass, amber, or sealing wax, be rubbed with 
the dry hand, or with flannel, silk, or fur; and then held near 
small light bodies, such as straws, hairs, or threads, these 
bodies will fly towards the glass, amber, or wax, thus rubbed, 
and for a moment will adhere to them^ The substances hav- 
ing this power of attraction, are called electricsjiJBind the agen- 
cy by which this power is exerted is called electricitTi, '.Some 
bodies, such as certain crystals, exert the same power when 
heated, and others become electric by pressure; 

Although these are simple facts on which the science is 
based, yet electricity exhibits a vast number of curious and 



Whm IB said or electricity as an agent 1 Is it in our power to examine electricity as « 
nibetance 1 How are we enabled to examine the properties of thisjigontl Describe the 
rimple phenomena of electricity. What are electrics 1 What is electricity 1 By what 
process besides friction, do some bodies become electric 1 
5 
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Hg, 17. interesting phenomena, depending on the variety 
and kind of machinery, and the quantity of the 
electrical inJ9.uence employed. 

(When a piece of glass, or other electric, has 

heen ruhhed, so as to attract other bodies, it is said 

_ to be ezcited^&nd it it is found that most substances 

/are capable of this excitement when managed in a 
peculiar manner. 
/The most common are, amber, glass, rosin, sul- 
phur, wax, and the fur of animals.; When an excited electric is 
presented towards a small ball, made of pith, or cork, and sus- 
pended by a string. Fig. 17, the ball is attracted to the elec- 
tric, and adheres to it lor a momenta (^And if two such balls 
be suspended so as to touch each other, and the excited 
Pig. 18. electric be made to touch one of them, the 

A other will instantly recede from the one so 
touched, that is, they will mutually repel each 
other, and remain for a short time in the posi- 
tion shown by Fig. 18^ ^.If while they are in 
this position, one of them be touched with the 
finger, or a piece of metal, they will again in- 
stantly attract each other,' and come togetheiv; 
and if suspsnded apart, will forcibly approach each other, as 
represented by Fig. 19. 

Fig. 19. In the explanation of these phenomena ;f we sup- 
■pose that all bodies are pervaded with thej electric 
flu!dj)but that when in equilibrium, like air and water, 
it produces no obvious efftcts, and that it is only 
when this equilibrium is disturbed, or when seme 
foodies contain more of the fluid than others, that 
electrical effects can be produced. 

When an electric is rubbed with the hand, or other 
excitinpf substance, it receives a portion of the electric fluid 
from that substance, consequently the electric, then.: has a 
greater portion of electricity than is naturaK'^vhile the hand, 
or other substance, has less. vWhen two bodies are in different 



' When is an eJeriric paid lo he excited? What are the mcFt common electrical 
What eHect 'lo^s an excited electric produce nn a !>UFpen(Ied pith ball ? What is the 
eflect on two pith balld in cmtactl W'hen the Italls are tlirown apart by reputeioiv 
what efleci is produced by touching one of them wlili the finger ? Ex))lain these 
plieiiunieiia. Are all bodies supposed to be pervadefl by the electrical fluid 1 B^tp- 
pose ail electric is niblied by the hand, does it in coneeciuenre contain more or less 
cMKiriciiy than befocet Whence does the electric obtain this additional quantity of 
*ieariciiy7 
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electrical states, that is, when one has more, or less than the 
natural quantity, they attract each other.^, This is illustrated 
by Fig. 17, wKere the ball is represented as moving towards 
the excited electric. 

tBut when two bodies have each more or less than the natu- 
ral quantity, they repel each olher.^ This is illustrated by 
Fig. 18, where the repulsion is caused by the communication 
of an uncommon share of the fluid from the excited electric 
to one ball, and from this ball to the other, and thus the two 
balls have more than their ordinary quantity of electricity, 
and are in the same electrical state. 

On touching one of the balls with the finger, they again 
attract each otherjjbecause the finger deprives this ball of a 
part of its electricity, while the other ball is not affected, and 
thus the two balls are thrown into different electrical states.) 
This is illustrated by Fig. 19. 

To account for electrical phenomena, ( Dr. Franklin sup- 
posed, as above stated, that all terrestrial things had a natural 
quantity of that subtle fluid, but that its effects ^became appa- 
rent, only when a substance contained more or less than the 
natural quantity, which condition is effected by the friction 
of an electric.) (fhus, when a piece of glas^ is rubbed by the 
hand, the equilibrium is lost, the electrical fluid passing from 
the hand to the glass, so that now the hand contains less, and 
the glass more, than their ordinary quantities. These two 
states he called posilive eirid^negatlte, implying the presence 
and absence of the electrical fluid.^ If now a conductor of 
electricity, such as a piece of metal, be made to touch the 
positive body, or is brought near it, the accumulated fluid 
%vill leave this body and pass to the conductor, which will 
then contain more tdan its natural quantity of the fluid. But 
if the conductor be made to touch a negative body, then the 
conductor will impart a share of itb own natural quantity of 
the fluid to that body, and* consequently will contain less than 
ordinary. Also, when one body, positively, and the other 
negatively electrified, are connected by a conducting sub- 
stance, then the fluid rushes from the negative to the positive 
side, and the equilibrium is restored 



Wh«n do bodies attract each other thmueh the influence of electricity? When do 
indies repel each other through this influenca'1 Wiien the baHs are thrown apart by 
reputsion, why do they attract each other on touching ohh of them with the finger V 
How are these phenomena accounted for on Dr. Franldln's »^eiory 1 What are the pdii 
lave wid oegative ehcakai states 1 
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/This theory, originally invented by Dr. Franklin, will ac- 
count, satisfactorily for nearly every electrical phenomenon.*) 
There is, however, another theory, that of Dufay, which is 
still embraced by some writers. 

/ This theory supposes that there are two kinds of electrici- 
ty^ which are termed the vitreous and resinous, corresponding 
with the positive and negative of Franklin? This theory is 
founded on the fact, that when two pith balls, cr other light 
bodies, near together, are touched by an excited piece of 
glass, or sealing wax, they repel eacK other. But if one ol 
the balls be touched by the glass, and the other by the wax, 
they will attract each other. Hence Dufay concluded that 
electricity consists of two distinct fluids, which exist together 
in all bodies: that these two fluids attract each other, but 
that they are separated by the excitation of an electric, and 
that when thus separated, and transferred to non-electrics, as 
to the pith balls, the mutual attraction of the two electricities, 
'causes the balls to rush towards each other. 

V^The electricity corresponding with the positive of Franklin, 
is called vitreous, because it is obtained from glass; while 
the other is called resinous, because it is obtained from wax 
and resin.^ 

In respect to the merit of those two theories, we can only 
say here, that^ Franklin's is by for the most simple, and ac- 
counts equally well for nearly every electrical phenomenon, 

( Somebodies permit the electrical Huid to pass tnrough them 
without difficulty. These are called conductors. They are 
the metals, water, and other fluids, except the oils, steam, ice, 
and snowN (The best conductors are gold, silver, pjatina, 
brass, and iron.) /The conductors are non-electrics, that is, 
they show na signs of excitement when rubbed, under com- 
mon circumstances. The electrics are non-conductors, that 
is, they will not conduct the electric fluid from a negative ta 
a positive substance, and when excited, this fluid accumulates 
on their surfaces, because they have not the power of con- 



DoM Dr. Franklin*« theorj aocoant for most of the phenomena observed 7 What d» 
the positive and negative states imply t How does Dufay's theory differ from Franlclin's't 
flow do the vitreous and resinous electricities of Dufay ronvpond with Uie positive and 
negative of Franlclin 1 Why is one kind of electricity called vitreous and (he other 
nsinousl Which theory is said to be the n^ost simple, and therefore to be preferred 1 
What bodies permit electricity to pass through them without difficulty, and what are thej 
called 1 What are the best conductors ? What is the difference between conducton and 
aott-ooiiductonl 
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ducting it away/ TA body is said to be insulated, when it is 
supported by a non-conductor.' A man standing on a stool 
supported by glass legs, or standing on a cake of wax, is in- 
sulated. <^When one body, or system of bodies, is in the posi- 
tive state, the other part, or system, being contiguous, is in- 
variably in the negative state./ If one end of a stick of seal- 
ing-wax, or glass rod, be positive, the other end will be nega- 
tive, and if one side of a plate of glass be positive, the other 
side will be negative. {See Electricity in Nat, Pkilosopky.) 

/ Chemical Effects of Electricity, 

The chemical efi*ects of electricity are most cotiiipicuous 
in that form of this agency known under the name of Cro/- 
vanism, but there are many instances in which common elec- 
tricity produces important chemical changes. 

When powerful electrical iiischarges are passed through a 
glass tube containing pure water, by means of a gold or pla- 
tina conductorithe water is decomposed, and resolved into its 
two elements, nydrogen and oxygen {see these articles,) which 
Fi^. 20. immediately assume the gaseous form.) If af- 
terwards the gaseous mixture thus obtained 
be submitted to electrical shocks^the re-union 
—of these elements will again be effected,\ the 
hydrogen will be inflamed, while its combus- 
tion will be supported by the oxygen; the 
•gaseous mixture will entirely disappear, and 
water will be formed. 

The method of performing this experiment 
is shown by Fig. 20, where a represents a 
glass tube containing ihe two gases, and by c, the two elec- 
trical conductors, the points of which approach so near, as 
to permit the fluid to pass through the gases, from one point 
to the other. 

.To explain the phenomena of the decomposition of the 
water by electrical agency, we have tcMuppose that the two 
gases are naturally in opposite states of eleclrichy, but that 



Why does electricity arcumulate, when a non-conductor to Mceiled t When to a body 
mid to be insulated? When one 8i(te ol a body is poaitive, in what electrical state will 
the otiier side be 1 What are the effects of powerful electrical Aodcs on water ? What 
are the effects of tlie same on a mixture of hydrogen and oxygen 1 Explain Fif . 20, and 
•how how the latter experiment to performed. What is it necessaxy to auppos^, io Older 
to explain the ilecomposition of water by electrical agency t 
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when united to form water, tbe electricity is in a state of equi- 
librium. V When therefore water is submitted to the power of 
this agent, this equilibrium is destroyed, the negative gas or 
ojcygen passing to the positive conductor, while the hydrogen 
bemg in a positive state, passes to the negative conductor. 
Thus the fluid is decomposed, and assumes the gaseous form 
of its constituents. 

The union of the two gases, and the consequent recompo- 
sition of water, is simply iri consequence of the heat evolved 
by the electrical shock, as it passes through them^ A degree 
01 heat by any other means, sufficient to inflame the hydro- 
gen, would produce the same effect. 

/ Precisely the same phenomena are produced by gah'anism, 
both in respect to the decomposition of water, and the re- 
union of its elements^ yWhen sulphate of copper is submit- 
ted to the action of a powerful electrical machine, the salt is 
decomposed, and the metal is revived around the negative wire: 
Other metallic salts undergo the same decomposition. ^ 

^hese eflTects arise from the different electrical states of the 
elements of which the salts are composed, the positive ele- 
ment being attracted to the negative conductor, and the con- 
trary, i It will be seen directly, that the indentity of galvanism 
and electricity is proved by many similar results. 

Galvanism. 

{t has already been stated, that the science of galvanism 
bad its origin from an accidental discovery made by a pupil 
of Gralvani, an Italian professor. 

This subject was afterwards prosecuted by Gal van i, with 
the most untiring ardor and with great success ;/ and as his 
discoveries were made known, from time to time, ifo the scien- 
tific world, philosophers in all parts of Europe vied with each 
other in repeating his experiments, in varying them in all 
possible ways, and in making new experiments to account 
for the cause of the novel and surprising^ phenomena they 
observed. I An account of these researches belong to the 
history of Galvanism, and cannot be included in this concise 
epitome of the science. 



How dose electricity act to recompose water from its two elements 1 What 's said m 
respect to galvanism, as producing the same results as electricity 1 When sulphate of 
copper is submitted to tlie action of electricity, what phenomena ensue 1 How is th'M 
effba on the salts accounted for ? What is said of the interest excited amony philiM>> 
pben by iht discovery of galvanism 7 
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many pieces, arranging them in pairs, wath a conductor be- 
tween them, and found that the galvanic influence was in- 
creased in proportion to the number of plates thus comlnned. 
Such attempts led him finally to construct the Voltaic pile, 
already mentioned. <;This pile consists of a multiplied num- 
ber of galvanic series, terminating at one extremity by a 
positive, and at the other by a negative conductor. ^ 

(The conditions necessary for galvanic excitatron are en- 
tirely different from those under which common electricity is 
obtained. We have seen that electricity is accumulated when 
an electric or non-conductor is rubbed with the dry hand, or 
with another non-conductor, as a piece of silk or fur. In or- 
dinary galvanic excitation, such substances as are called elec- 
trics are not concerned. | 

These substances are all conductors of the metric fluid ; 
one of them a simple conductor, the other two having each 
the additional power of different degrees of electrical, or gal- 
vanic excitement7 

. These three substances are usuall3( ^^"^' water, and cop- 
per, and these, arranged in the order named, compose a sim- 
ple galva^nic circle.) 

^The water, which is mixed with a small quantity of acid, 
not only serves as a conductor of the galvanic fluid, from the 
positive to the negative metal, but also by acting slightly on 
the metals, is the efficient cause of the galvanic excitation. ) 
Fig. 21. This arrangement, together with the course of 
the electrical agent from one metal to the other, 
and through the water to the first metal again, 
will be understood by Fig. 21. 
^ Suppose c to be a plate of copper, and z a plate 
of zinc, touching each other at the top, and placed 
in a vessel of acidulated water. Then the action 
of the acid will produce an evolution of electri- 
city from both metals, that from the zinc being positive, and 
that from the copper negative. The electrical fluid will 
therefore pass from the zinc through the Avater to the copper, 
and from the copper by contact to the zinc, and so in a per- 
petual circuit in the direction of the arrows.\ 



What is the principle on which the Voltaic pile is constructed 1 Wlial is th« dlflN^ 
aire between the substances used to collect electricity, and galvanism^ Whai uiree 
substances usually compose a simple galvanic circle 1 What is the iihu of the water and 
acid employed in the extrication of galvanism? Explain Fig. 21, and show the couraa 
of the galvanic fluid. 
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It is a multiplication of this principle, that is, hy fonning 
a Series of simple galvanic circles, which composes the gal- 
vanic pile, or pile of Volta, already mentioned. 

This compou7id galvanic circle is constituted hy a series of 
simple circles, so united, as to concentrate the influence of 
the whole at a given point. It may he constructed as follows : 
/'Provide three glass rods, say of two feet in length each, 
and fix these in an angular direction from each other in a hase 
of wood. Provide also circular plates of copper and zinc, 
two or three inches in diameter, ahout the eighth or tenth of 
an inch thick, and in number proportionate to the power of 
the intended pile. Next cut out the same number of circu- 
lar pieces of card paper, or of woollen clcih, that there are 
pieces of eidier metal, but less in sizeJ I Having thus obtained 
the elements of the pile, its constru<5tion consists in placing 
first on the base, or board within the roiis, a plate of copper, 
then on this a plate of zinc, and next, on the zinc, a piece of 
the paper, or cloth, dipped in salt water, or acidulated water, 
p- 22 thus forming a single galvanic circle. The same 
°' ' arrangement is observed throughout the Avhole 
series, that is, copper, zinc, paper; copper, zinc, 
paper; except in the last circle, or top of the 
pile, which ends with the zinc. Fig. 22, repre- 
sents such a pile, a, b, being the glass rods and 
z^ X, the pieces of wood, the upper piece having 
holes to admit the rods in order to make them 
secure. 

Such a series, affords a constant stream of the 
■z galvanic influence, but is always(most powerful 
when first constructed, or before the plates become oxidated^ 
On this account, after having been some time in use( it re^ 
quires to be taken in pieces, the plates cleaned from rust, 
and then again reconstructed, when it regains its original 
energyJ 

A pile composed of two dozen plates of each inetal, will 
give a small shock, which, when taken by the hands, may be 
felt to the elbows. L The mode of receiving the shock, is by 
wetting the hands, and then having placed one of them in 




How is the pile of Volta constnictofdl After the frame is made, and the plates of 
inetal and pajier prepared, how is the pile then constructed? When does the pile ope* 
rale most powerfully 7 How mny the pile, after the plntes have become oxidated, be 
made as ivwerfui as at first 1 What is (h? ipode of r^ceiYiQg the shock fiom the galvaoio 
pUel 



58 GALVANISM. 

contact with the zinc plate, which terminates one end of the 
pile, touch with the other hand, the copper plate which ter- 
minates the other end of the pile. Or these two plates may 
he touched with a wire, wound with a wet rag and held in the 
palm of each hand.>' When experiments are to be made hy 
passing the galvanic influence through any sulstance^his is 
done by connecting a wite with each terminating plate : the 
two moveable ends of the wire being then brought near each 
other, and the substance placed between them, the f uid passes 
from the positive to the negative side, and sothicvph the sub- 
stanct^. vThese wires are called the johs oi the Voltaic pile> 

(A.ny number of these piles may I e ccrnected trgether by 
making a metahic communication frcm the last plate of the 
one, to the first plate of the olher^always olservirg to pre- 
serve the order of succession frcm the zinc to the copper, 
and from the copper to the zinc. In this manner a galvanic 
battery is constructed, the power cf ^^hich will be propor- 
tionate to the number of plates employed. 
/ The galvanic fiuid, it ought to have been observed, is ex- 
tricated only on condition that one of the metals employed 
be more easily oxidated, or more readily dissolved in an acid, 
than the other.) Any two metals will form an effective gal- 
vanic apparatus on this conditionXand it is always found that 
the metal having the strongest affinity for oxygen is positive, 
while the other is negative.^ Thus, any metal, except that 
v^hichx has the least affinity for oxygen, of all, may foim the 
positive or negative side, by having another metal more oj 
less oxidable than itself, placed in contact with h. 

Copper, in contact with zinc, is negativej because zinc is 
most easily dissolved, or has the strongest aronity for oxygen 
of the two. ^^ut when copper is in contact with silver, it 
becomes positive, while the silver is negative,/; and for the 
same reason silver becomes positive when iii ccntact with 
gold, or platina. The greatest effect is produced, other cir- 
cumstances being equal^ when two metals are placed together, 
one having the greatest, and the other the least affinity for 
oxygen, as zinc and platina. 

When it in rpquired to pa.<e the electricity through a mbstance, how is this donel 
What are the wires or conductors callwt 1 How is a galvanic battery constructed 1 How 
must the metals differ, in respect to their aifinity for oxygen, in order to evolve galvamsmi 
In what electrical stnte is the metal which has the strongest affinity for oxygen ? What 
will be the state of coppcFr when in contact with zinc 1 What will be the state of copper 
when in contact with silver or gold! Wbat meuUs Will produce the greatest effect on 
tiyisacooum? 
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Since the inyention of Volta, a great variety of different 
methods have been devised, in order to extricate the galvanic 
fluid with greater convenience, or with greater power ; and 
also to modify its action for different purposes. 

Among these inventions^the galvanic trovgh is one of the 
most convenient and common in this country, though by far 
less powerful in proportion to the surface of the metal em- 
ployed, than several others. 

In this arrangement, the plates of copper and zinc are pla- 
ced with their flat surfaces in contact, and are soldered toge- 
ther on the edges./' These platts are then fixed in grooves, 
cut in the opposite sides of a long narrow mahogany box, 
leaving between them narrow intervals. The box of course 
is open on one side, the ends and bottom being made water 
tight, and also the cells between the plates, by ctment. i In 
fixing the plates, it is obvious that all the zinc suri'aces must 
be on one side, or face in the same direction, and all the cop- 
per surfaces on the other side. 
Fig. 23. 

Fig. 23 represents such a 
trough, furnished with con- 
ductors of brass wire, tr, w, 
which are fastened to the 
two end plates, on, merely 
dipped into the cells.^ The 
latter is the most convenient method, on account of its allow- 
ing the operator to graduate the shock at pleasure, by inclu- 
ding bet>veen the poles a greater or Itss number of the plates. 
(The conductors pass through the glass tubes, a, a, so as to 
allow the operator to handle thtm without receiving the 
shock himself^ and then pass to a glass plate on which the 
subject of exjjeriment is laid. 

When this trough is to be used, the cells between the 
plates are filled with water containing in solution a quantity 
of common sah, or made slightly sour by muriatic, sulphuric, 
or nitric acid. ;If the water is made warm, the action will be 
much increased. Care must be taken that too much acid be 
not used, for if the action on the zinc plates is such as to 

What meihfxl of extricating the galvanic power is said to be among the most con- 
Tenient 1 De^crilje the c mfiructlon of the galvanic trough. In what orUftr mwat 
the plntes of zinc and copper be placed 1 Which is ^aid to be moet convenient, to 
oonnea liie (loles to the plates, or merely to dip them into the c^lls ? What are tlie 
OMs of the glass tubes a o1 When the trough is to be used, with what are xx» celb 
fiUedl 
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occasion the emission of bubbles of hydrogep, the galvanic 
action ceases almost entirely. 

After the trough is filled with the water, its edges, and 
also those of the plates, must be wiped dry, and care must be 
taken that it does not leak, otherwise the electric fluid will be 
conducted away by the waterj Want of attention to these 
circumstances, will sometimes occasion an entire failure of a 
galvanic experiment. 

(Another mode of arranging the galvanic apparatus, is by 
means of a row of glasses, each containing solution of com- 
mon salt, or a dilute acid. In each gl^ss is placed a plate 
of copper and another of zinc, not ' in contact, but so con- 
nected by slips of metal, or by wires, that the zinc in one 
cup shall be connected with the copper of the next cup ; the 
zinc in the second cup with the copper of the third, and the 
copper of the third with the zinc of the fourth, and so on 
through the series ; except the terminating cups, which con- 
tain only a single plate each, one of copper and the other of 
zinc. This arrangement will be understood by Fig. 24, where 
Fig. 24. a, a, a, are the glasses, z the zinc, x 

_ the copper, and w the wires by which 
J|3^ they are connected. The advantage 
l^f of tliis method consists in the exposure 
1^1 of the two sides of the plates to the 
g action of the acid ; while by soldering 
the plates, as in the construction of the trough just described, 
one of the surfaces of each metal is protected from the acid, 
and contributes nothing to the eflect. ( But the bulk of this 
apparatus, and the danger of breaking the glasses in case of 
transportation, prevents its general adoption.;' 

A convenient and more compendious modification of this 
principle has therefore been contrived, and is called the 
trough battery. In this arrangement/ the zinc and copper 
plates are united in pairs, as just described, by means of 
slips of metal, which are soldered to each other. Twelve pairs 
of these plates are then fastened to a piece of baked wood, 
being placed at such a distance apart as to fit the cells of a 
trough which contains the water and acid. The trough may 
be made of baked mahogany, with partitions of glass, or 



What caution is necessary in respect to the quantity of acid, and alfo in respect to dry« 
ijig the edges of the trough 7 Describe the mode of extricating galvanism by means of 
glass cups. Why is the apparatus made with cups objectionable 7 In iwbat is called 
the trough bauery, how are the plates united 1 
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what is better, the whole may be made of earthen, or Wedge- 
wood's warey 

cWhen this battery is to be used, the cells in the trough are 
partly filled with water> containing an acid or salt in solu- 
tion/and then the plates being connected with the slip of 
wood, are all let down into the cells at the same instant, by 
means of a pulley, each cell containing one plate of zinc and 
another of copper.; 

Where great power is wanted, any number of these 
troughs may be connected together, by passing a slip of cop- 
per from the positive end of one, to the negative end of the 
other trough. For the use of a laboratory, this is by far the 
most convenient, as well as the most powerful means of ob- 
taining large quantities of the galvanic fluid, yet devised. 
When an experiment is finished, the operator, in a few min- 
utes, can raise all the plates from their troughs by means of 
puUies, and thus they are suspended, ready to be let down 
again w^hen wanted. ^ The power also, with the same extent 
of surface, is double that of the galvanic trough, where the 
plates are soldered together, since^with the present method, 
the entire surface of each metal is exposed to the action of 
the acid V The plates can likewise be more readily cleaned, 
and the whole apparatus more easily kept in repair) 

The Galvanic Battery of the Royal Institution of Great 
Britain, is constructed on the above plan. It is of immense 
power, consisting of 200 troughs of Wedgewood's ware, each 
containing ten cells, and receiving ten double plates of cop- 
per and zinc, each plate containing a surface of 32 square 
raches. The whole number of double plates is therefore 

^2000; and the whole metallic surface exposed to electrical 
excitation at the same instant, is equal to 128,000 square 

, inches. 

It was by means of this apparatus that Sir Humphrey 
Davy performed his brilliant experiments^ and succeeded in 
decomposing the alkalies, and showing their metallic bases. - 
(See potash and soda.) 

Chemical effects of Galvanism. It is a singular, and, per- 



In the trou;;h battery, how are the plates cf metal brought into contact with the acidi 
What are said to be the advantages of this method 1 Why is this battery more power- 
ful than the galvanic trough in which the plates are soldered together? What peculiar 
conveniences has this arrangement 1 What number or double plates does the battery of 
the Royal Institution consist of? What important discoveries did Sir H. Davy make by 
9 of this battery t 

6 
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haps, unaccountable fact, that the extent of the contimiotM 
surface of the roetals, from which the galvanic fluid is ob- 
tained, has an influence over its effects, when employed for 
various purposes. We should suppose, both from reasoning 
and analogy, that the amount of galvanic action would, in 
every case, be proportioned to the number of square inches 
of metallic surface, and that it could make no difference in 
the result, whether the individual pieces of metal were large 
or small. But experience shows that this is not the case, 
(The effect of a battery composed of large plates, and one of 
small plates of the same extent of surface, is quite different^ 
(That composed of the large plates having the most intense 
chemical, or heating power, while that consisting of small 
ones has the greatest effect on the animal system. 5 Thus, a 
man can bear with little inconvenience the shock from Mr. 
Children*s battery, composed of plates six feet long and two 
feet and a half wide ; while he would be stunned, or per- 
haps killed, by the shock from the same amount of surface, 
were it divided so as to proceed from plates of only two or 
three inches in diameter. And yet Mr. Children's battery 
gives the most intensely brilliant caloric effects, while the 
caloric agency of the small plates is comparatively slight 
and insignificant. 

The decomposing chemical effects of galvanism have been 
much more extensively employed than those of common elec- 
tricity. Indeed, the decomposing power of electricity was 
little known before the brilliant discoveries of Sir H. Davy, 
by means of galvanism : but since that time, IDr. Wollaston 
has shown that most, if not all of the chemical effects of the 
galvanic battery, may be produced by electricity,") 

The decomposition of water by means of electricity, was 
effected by the Dutch chemists long before the discovery of 
galvanism. A description of the method of doing this has 
already been given, while treating of electricity. This seems 
to have been the most important chemical decomposition 
effected by electricity, before the discoveries of Galvani and 
Volta. 

Since that period, the science ofj chemistry has owed to 



b there any difference in the effect of a battery compoaed of large or small plates, whcji 
(he extent of their surfaces is the same 1 What is the difference between the efiects ol 
targe and smalt platesi Will electricity produce the same chemical effects as galvanism 1 
Was the decomposition of water effected by 'electricity before the discovery of gaivaiuam 1 
Of what use has galvanism been to cheir/ jry f 
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that of galvanism some of the most magnificent and impor- 
tant discoveries ever made in that science, viz. the decompo- 
sition of the alkalies, and as a consequence of this, other dis- 
coveries of great interest and value. > 

One of the most extraordinary facts belonging to the 
agency of galvanism, is the discovery that the elements of 
decomposed bodies follow an invariable law in respect to the 
electrical sides on which they arrange themselves. Thus, in 
decomposing water, or other compounds containinff its ele- 
ments, the /hydrogen escapes at the negative poley and the 
oxygen at tne positive. In the decomposition of the salts (see 
salts) and other compounds, this law is in every instance 
observed, the same kind of element being always disengaged 
at the same pole of the battery. 

When a compound consists of two gaseous elements, they 
may be readily separated, and each gas obtained separate by 
placing the compound in a bent tube, and then exposing it to 
the galvanic action. 

This simple arrangement is represented by Fig. 25. 

Fig. 25. It consists of a glass tube bent as in 

the figure, a small orifice being ground 
at the angle so as to let in the water: 
or instead of this, two tubes may be used 
with their lower ends placed in contact. 
The tubes being filled with water, and 
their lower ends placed in a dish of the 
same fluid,, the two platina wires pro- 

ceeding from the two sides of the battery 

are passed through corks in the upper ends of the tubes, and 
pushed down, so as to come within about (he eighth of an 
inch of each other. Care must be taken that the adjustment 
be such as to allow the gases as they ascend to come within 
the orifices of the tubes. 

The battery being now set in action, small bubbles of gas 
will be seen to arise from the ends of the wires, but in dif- 
ferent quantities. fThe tube from the negative wire will 
soon be filled with hydrogen gas, while the other in the same 
time will be only half filled with oxygen. This circum- 
stance arises from the feet, that in forming water, these two 



In the flecompcMhion of water by galTanium, at which pole of the battery does hydro- 
sen always escape 1 Describe the method of decomposing water by galranism, and of 
rBiaining the two gases in a separate state. In performing this experiment, why to dM 
tobe on the negative side first fiUed with gas 7 
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gases combine in the proportion of two volumes of hydrogen 
to one of oxygen. Of course, therefore, when water is 
decomposed, the volume of oxygen is only half that of hy- 
drogen. ) 

In this experiment, the poles of the battery must be of 
platina, or gold, otherwise, if they are made of iron, or other 
oxidable metal, the oxygen combines with the metal instead 
of being extricated and rising up the tube. 

When neutral salts, whether alkaline, metallic, or earthy, 
such as common salt, blue vitrol, or alum, arc exposed to 
the action of a powerful battery, Vthe same law is observed; 
the acid, which contains the oxygen^ goes to the positive 
wire, while the bases being alkalies, metals, or earths, are 
transferred with the hydrogen (for these salts always CMitain 
water) to the negative'wire. 

But the most surprising effects of the power of this princi- 
ple is exhibited when the compound is placed in cups con- 
nected with the two sides of the battery, and the two consti- 
tuents of the compound are transferred from one cup to the 
other. 

If the solution of any saline compound, such as Glauber's 
salt, be made in water, and placed in two cups, one connected 
with the positive, and the other with the negative side of the 
battery, then, by making a communication between the cups, 
by means of some moistened asbestos, or cotton, and setting 
the battery in action, the two constituents of the salt will be 
transferred from one cup to the other. 

Flg^. 26. Fig. 26 will show the situation 

,^ ^^<^of the cups, the asbestos, and the 

hBHHV'^ ^^^SBKm galvanic poles for this experiment 
^Bm IIIIHfp Both cups contain a solution oi 

H||||H ■|i|||H Glauber's salt. This salt is eom- 
Hfil HlB posed of sulphuric acid, soda, and 

^mip '"■ water. The cup P is connected 

to the positive side of the battery, by a wire, passing into the 
fluid, and the cup N, with the negative side, in the same 
manner. The cups are connected by the moistened asbestos 
passing from the fluid of one to that of the other. When this 
arrangement is completed, and the battery has been some 
time in action,^ it will be found that the water in the positive 

In decomposing the ealta, what lew is observed in respect to the ixAee, at which their 
elMnents are extricated 1 Explain Fig. 26, and describe how the elemenls oi' the salt an 
crusferred from ooe cup to the other. In which cup is the acid| a«d ia vhi«(& ia IfeiB 
riktli Ibuud . > 
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cup will liare an acid taste, while that m the negatiVe cup 
wiU have an alkaline taste y and if the action be continued a 
sufficient time, all the acid contained in the salt will be found 
in one cup, and all the soda in the other. 

Nor does it appear to make any difference in the result, at 
what part of the fluid circuit the salt to be decomposed is 
placed 

Fig, 27. This is proved by 

i^.^,^ ^^ placing three cups m a 

^^v^y'-'v^^x'-^v^^^^ line, and connecting 

N^UjKW IMiy IdlP ened asbestos, as shown 
W if K by Fig. 27. If the Glau- 

JL>^ J^>^ JnTs ber's salt, or any other 
^-^ ^s*> ^^ salinecompoundbe put 
into the middle cup, and water into the others, and the two 
galvanic poles be connected with the other cups, P being the 
positive, and N the negative side, then all the acid will be 
transferred to the positive, and all the alkali to the negative 
cup, while the water in the middle cup will remain nearly in 
a state of purity^" If the two outer cups be filled with an infu- 
sion of red cabbage, instead of simple water, the operator can 
see the progress of his experiment, since the contents of one 
cup will be turned red by the acid, and the contents of the 
other green by the alkali. * 

A phenomenon of a still more extraordinary kind occurred 
to Sir H. Davy, during his experiments on this subject.^ For 
it was proved that the galvanic action was capable of sus- 
pending the laws of affinity, so that an acid might be convey- 
ed through an alkaline substance, or an alkali through an acid, 
without any combination taking place between them, or either 
might be passed through a cup of infusion of cabbage, with- 
out changing its colour.'' The three cups being arranged as in 
the last experiment, and connected together by films of moist- 
ened cotton, or asbestos, there was put into the negative cup, 
N, a solution of sulphate of soda, and into the other two cups, 



Describe Fig. 27, and show into which cvp the salt Is placad, and into whfch its differ, 
em elements are tramferred by the galvanic action. What is the advantage of filling the 
two outside cups with infusion of red cabbage 1 What extraordinary phenomenon is ob- 
served in respect to the suspension of the laws of affinity by galvanic action 1 Describe 
the experiment by which it was found that an acid oraoallaU was made u> pass throuf^ 
a cup of infusion of cabbage without ctianging its colour. 

6» 
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an infusion of red cabbage in water ; tbis infusion being ona 
of tbe most delicate tests of the presence of an acid or an 
alkali. After these cups, so arranged, had been for a short 
time placed in the galvanic circuit, the infusion in the positive 
cup became red, and afterwards strongly acid, while that in 
the middle cup continued of the same colour as at first. Thus, 
as the salt was decomposed, its acid passed through the mid- 
dle cup without mixing in the least with the water it con- 
tained, otherwise its colour would have been changed.Xc On 
reversing the connections, with the poles of the battery, the 
alkali of the salt was transferred to the opposite cup, the so- 
lution of which it tinged green, without in the least affecting 
the colour of that in the middle cup. 

On placing an alkaline solution in the middle cup, the acid 
was transferred through it, without combination ; and when 
an acid was placed in that cup, an alkali passed through il 
in like manner:'> 

>. To account for these singular phenomena, Sir Humphrey 
< Davy supposed that the elements of compound bodies were in 
different and opposite states of electricity, but that during 
their chemical union, an equilibrium existed in these electri- 
cal- states. > This theory we have already mentioned, in ac- 
counting for the decomposition of water ty common electri- 
city. But Sir H. Davy believed it to extend in general to 
all chemical compounds. To explain how the elements of 
bodies may be in this state, he supposed that each element is 
naturally possessed with a portion of electricity, whether it 
ia in a state of combination or not; and that the elements, in 
this respect, naturally divide themselves into two classes, one 
of which is endowed with positive, and the other with negative 
electricity. In proof of this, it is found as an experimental 
feet, that oxygen, chlorine, iodine, (see the latter article,) and 
acids in general, are naturally negative,)while hydrogen, the 
metals, and the metallic oxides, and the alkalies, are naturally 
. po8itive.\ Thus it appears that bodies having the strongest 
attraction or chemical affinity for each other^are naturally in 
opposite states of electricity^ and that the supporters of com- 



Whftt are the other proofs showing that galvanic action suspends the action of aifinitj 1 
How does Hir H. Davy account fur these phenomena 7 In what state of electricity are 
osygoii, chlorine, iodiiie, and the acids generally 7 In what state are hydrogen and tha 
Mais t Are bodies having the strongest chemical affinity fi>r each otiicr, in the aaina ov 
« oppoeHa atatee of electricity 1 
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bustion, oxygen, chlorine, and iodine, are all negatively elec- 
trified. 

From such considerations, Sir H. Davy not only accounts 
for the chemical agency of the galvanic fluid, but also for 
that force called affinitVi or chemical attraction, which impels 
bodies of different kinds to unite, and form compounds. Thus, 
pxygen being naturally negative, and hydrogen naturally 
positive, they unite with a force or energy proportional to the 
oiflference of their electrical states. 

The decomposing force of the galvanic battery may readily 
be accounted for on the same principle ; for if water be pre- 
sented to any substance of a higher state of positive electri- 
city than its hydrogen, then a decomposition would ensue, 
because the oxygen would leave the hydrogen, and attach it- 
self to that substance for which it ha^ the strongest attrac- 
tion. The voltaic battery produces this eflect, by offering to 
the two constituents of water stronger opposite electrical 
energies than these two substances have for each other. Thus, 
supposing the electrical force of hydrogen for oxj'^gen to be 
equal to 3, and that of oxygen to hydrogen to be equal to 3, 
then they would combine with a force equal to 6. But iif 
we suppose the galvanic battery to offer to the oxygen a posi- 
tive electrical energy equal to 4, and at the same lime to the 
hydrogen a negative energy equal to 4, then it is obvious 
that their combining force would be overcome, and that the 
oxygen would fly to the positive, and the hydrogen to the 
negative poles of the battery, and thus that compound would 
be reduced to its original elements ; and we And that this is 
exactly what happens as a fact, when the water is exposed 
to the galvanic circle. 

This, it must be acknowledged,' is one of the most beauti- 
ful theories ever invented,^ and at the same time agrees with 
the phenomena observed in most energetic chemical changes. 
But there are still some facts for which it does not satisfacto- 
rily account ; /nor is it absolutely certain, Mhat in any case, 
chemical attraction is owing to the different electrical states 
of the combining bodies, so that in the present state of know- 
ledge, this theory must be taken only as a probable and high- 
ly ingenious hypothesis. 



Hofw to the decomposing force of galvanism accounted fori What ie said In re- 
ttioa to the truth, or probability, of the electrical theory advanced by Sir H. Uaryl 
b it certain thai in any case chemical attraction to caused by opposite etoctrical 
el 
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HetUing effects of Galvanism. ^ One of ihe effects of galra* 
nic action is the evolution of heAt; and where the action is 
strong, it is accompanied with light, but not otherwise. J 

There is a remarkable difference between the conditions 
necessary to the evolution of heat bv galvanic action, and by 
common electricity. , In common electricity, there is no pro- 
duction of heat, where the fluid moves through a perfect con- 
ductor, and without obstruction. When it moves along a rod 
of metal, no sensible heat, or light, i^ evolved, unless the 
conductor is too small for the quantity. ' But in its passage 
through non-conducting substances, as air, or dry wood, both 
heat and light are a consequence.) 

(But when galvanism passes through a perfect conductor, and 
the circuit remains entire, and when no light is evolved, there 
is still an elevation of temperature caused by its passage^ 

This is readily proved, by making the two poles of the bat- 
tery meet in a vessel of water containing a thermometer, when 
it will be found that the temperature of the water will soon 
be raised, and if the experiment be continued, the fluid will 
boil by the heat evolved.^ 

if the battery consists of an extensive series of electrical 
circuits, very powerful calorific effects are produced by the 
passage of the fluid through metallic wiresj Iron wire is 
melted and falls down in globules, and steel wire burns, with 
corruscations too brilliant for the unprotected eye. 

The heating effects of galvanism seem to depend on the 
conducting power of the metal employed, the heat being in 
an inverse ratio to the power of the conductor. This is cu- 
riously illustrated by passing the fluid through a wire, or 
chain, composed of alternate portions, or links, of platina and 
silver, soldered together, when it will be found that (the silver 
will scarcely be wanned, while the platina will be intensely 
ignited. ) 

It appears from some experiments made with Mr. Chil- 
dren's great battery, that the heat excited by Voltaic action 
is more intense than that produced by any other means.- 



What IB said of the heating effects of golvanism 1 What are the diflcrent conditiooo 
under which heat and light is evolved by electricity and galvanism 1 When galvanism 
is passed through a perfect conductor, what effect is produced 7 What is tlie effect when 
it is passed through water 7 How are metallic wires affected by powerful galvanic action 1 
When galvanism is passed through a chain, the linlis of wliich are alternately silver arid 
datina, whai i0 the efiect on each metal 1 What is said of the power of Mr. Children's 
aatieryl 
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Many substances were fused by it, which were exposed to 
the best wind furnaces without way impression. A piece of 
platina wire, one thirtieth of an inch in diameter, and 
eighteen inches long, became instantly red, then white hot, 
with a brilliancy insupportable to the eyes, and in a few se- 
conds was fused into globules. V-Still this battery had little 
effect on water, or on the human frame, the shock being feh 
no higher than the elbows) 

But still more brilliant effects were produced by the battery 
of the Royal Institution, when pieces of charcoal were attach- 
ed to its poles and then brought near each other. 

This battery, when the cells were filled with a mixture of 
60 parts of water, and one part of nitric, and one of sulphu- 
ric acid, afforded the most splendid and impressive results. 
When pieces of charcoal about one inch long and the sixth 
of an inch in diameter, were placed in the circuit, and made 
to approach each otheta bright spark was seen to issue from 
one to the other, and in a moment tbe charcoal became igni- 
ted to whiteness. Then by widening the space between the 
charcoal points, a constant discharge continued when they 
were four inches apart, affording a most brilliant ascending 
arch of light, broad in the middle, and terminating in points 
at the charcoal, resembling in shape, two cones, applied base 
Fig. 28. to basej CThe shape of this 

_,^ 4^_ ^ y. brilliant phenomenon is re- 

_<;>^ ^^<i^ <M presented at Fig. 28, where 

a and b are the poles of ihe 
battery with pieces of char- 
coal attached to them, and between these the ascending arch 
of lightj When any substance was held in this arch, it be- 
came instantly ignited; platina, one of the most infusible of 
all the metals, melted in it as readily as wax in a candle: 
Cquartz, sapphire, magnesia, and lime, all entered intoiusionj 
and p6ints of diamond and plumbago, rapidly disappeared, 
seeming to evaporate with the heat, 

(^Attraction.) 
1 By attraction is meant that property in bodies which gives 



What effect doea this battery have on the human frame t What are the effects when 
pieces of charcoal are placed near each other, in a powerful galvcnic circuit 1 Deecribe 
Pig. 2S. What substance? wer^ fused by the battery of the Royal Institution 1 What w 
Um fourth imponderable agent belonging to our listl 
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them a tendency to approach each other, whether they exist 
in atoms, or masses.^ Attraction has received various names, 
according to the circumstances under which it is observed to 
act. ^Thus, that kind of attraction which extends to all kinds 
and quantities of matter, and to all distances, is called attrac- 
tion of gravitation) This attraction extends reciprocally 
from one planet to another, and from ail the planets to the 
fixed stars, and is the cause of the orbicular motion of the 
heavenly orbs. It also extends to all terrestrial masses of 
matter, and is the cause of their weight, or tendency to ap- 
proach the centre of the earth. 

(Tl^e force of gravitation is directly as the quantity of mat- 
ter, and inversely as the square of tlie distance.) The quan- 
tity of matter being given, and the attracting force at a cer- 
tain distance, say four feet, being known, then this force will 
increase, or diminish, as the square of the distance. ' Thus, if 
one body attracts another, at the distance of two feet, with a 
force of 36 pounds, then at the distance of four feet, its force 
of attraction will be only \ as much, or 9 Ibs.pand so in this 
ratio whatever the distance may be. (See Natural Philo- 
sophy.) 

v.By attraction of cohesion, or aggregation, is meant that 
force which tends to preserve bodies in masses by acting on 
the particles of which they are composed. ; This attraction 
is supposed to act only at insensible distances, as when the 
atoms of bodies toucn each other, and only when the par- 
ticles of matter are of the same kind. 

\y Chemical Attraction is that power which forces the particles 
of bodies of different kinds to combine and form a compound.^ 
This force is also called affinity, because this kind of union 
takes place only between particular substances. Like the 
attraction of cohesion, it acts only at insenp»ble distances, that 
is, the particles of bodies must be brought into the immediate 
vicinity of each other before they will combine, r But it dif- 
fers from cohesive attraction in taking place only between 
heterogeneous atoms, or among particles of different kinds of 
matter. Several other kinds of attraction are described, {See 



What is meant by attraction 1 What ia attraction of gravitation % What are the laws 
of attractive foi-ce 7 Suppose a body is attracted with a force of 36 pounds, at the dis- 
tance of two feet, what wi J the force be at the distance of four feet 1 What is meant by 
attraction of cohesion 1 What is chemical attraction? How do cohemre and chemical 
attractions diflbr ? In what respect is a knowledge of chemical attraction important 1 
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Nahtrcd Philosophy,) but it is chemical attraction, or affinity, 
which must more immediately occupy our attention here. 

Affinity, ^Chemical attraction is a subject of the highest 
importance in the study of chemistry| since a knowledge of 
the whole science includes little more than an acquaintance 
with the laws and effects of affinity, that is, of chemical at- 
traction and repulsion.^ 

We have already noticed that this science is founded on 
experiment, and from deductions arising from facts thus dis- 
covered. (.Now chemical experiments are only the means of 
discovering chemical affinities, and a knowledge of these affi- 
nities are the facts on which the whole science is founded. ^ 
( By experimentXve know that some bodies have an affinity 
to each other ; that is, we know that on presenting them to 
each other under certain circumstances, they will combine, 
and form a third substance, which differs from either of the 
first. We know also by the same means, that other substan- • 
ces, when presented together in the same manner, will repel 
each other ; that is, they will not combine, nor can they be 
made to unite so as to form a third substance. 

(l^his kind of knowledge it is impossible for man to acquire 
without actual experiment p for by no process of reasoning 
could he ever determine before hand, whether two bodies 
would attract or repel each other, any more than he could 
tell what they were composed of by mere inspection. 

We know, for instance, that when we mix acid and water, 
the two liquids unite, or blend together ; now, by reasoning 
from analogy, we should have the same grounds for believing 
ihat any other fluid would unite with water, that we had for 
believing that an acid woiild, and therefore that oil and water 
would combine, as well as acid and water. But experiment 
shows, that on this subject, neither reason nor analogy lends 
us the least aid, for, on mixing the oil and water, we find 
that they mutually repel each other, and though blended to- 
gether by force, they again separate as soon as the force is 
removed. 

It is then only by actual experiment that we can decide 

f^ti what does a knowle«lge of the Bcience of chemistry chiefly consist 1 What aie 
the facta on which the science of chemistry is founded 7 How is it known that some 
iKKlses attract, while others repel each other 1 Is it possible to gain any knowledge a 
chemistry, except by experiment 1 What reason would there be to suppose, without 
experiment, that oil and water would not combine 1 What is the first condition i 

' aary to efi<»ct chemical union 1 
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whether two bodies have an affinity for each other, and con- 
sequently whether they are capable of forming a chemical 
compound, or not 

There are several circumstances which affect the results of 
chemical affinity, or conditions on which its action depends, 
which will be mentioned in their turn. There are also se- 
veral kinds of affinity, which have received different names, 
depending on the conditions under which its action takes 
place. These appellations and conditions will also claim at 
tention as they occur. 

With a few exceptions^^the first condition necessary to effect 
chemical combination is, that one or both the bodies should be 
in a fluid state, since however strong the affinity of two bodies 
may be to each other, their particles cannot unite unless they 
are free to move.') Hence,\^to effect the combination of solids, 
their cohesion must first be destroyed either by solution in a 
fluid, or by means of heat.7 The acids and alkalies have a 
strong affinity for each other, but on mixing them, even when 
in the finest powder, no chemical combination ensues^, because 
in all chemical compounds the union takes place between the 
atoms of the combining substances. ^ 

But on pouring a quantity of water upon such a mixture, 
chemical action instantly ensues, and a third substance, dif- 
fering entirely from the alkali or the acid, is the result of the 
combination. This compound is called a salt, 

L In like manner, if zinc and copper be reduced to the finest 
powder, and mixed ever so intimately by mechanical force, 
there will still be no intimate union between their particles. 
But if heat be applied so as to reduce them to a fluid state, 
they combine with considerable energy, and form a yellow 
alloy, called brass, which differs greatly from the zinc or 
copper of which it is formed.) 

Simple Affirdty. ' The most simple cases of affinity are 
afforded by the mixture of two substances which have the 
power of combining w^ith each other, in any proportionfe. 
Water and sulphuric acid, or water and alcohol, form such 
combinations. What are termed neutral salts, which are 
formed by the union of a pure acid, and a pure alkali, are 
instances of the same kind, only that they do not combine in 
all proportions. In a great variety of instances, after two 

What is necessary, iij order to eflect the chemical combination of soliils 1 Why 
will not Bolid*; combine as well as fluids? In what manner may copper and zinc be made 
to combine 1 What are the most simple cases of affinity 1 Give an illustration of thia 
aflinity. 
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snbstanctis have combined, when mixed alone, or withoat 
the admixture of any other substance, this first union may 
be destroyed by the interyention of another, or a third sub- 
stance, having a stronger attraction for one of these sub- 
stances than they have for each other. This forms an in* 
stance of what has been termed by Bergman, Elective Af' 
Anity, 

f Single Elective Affinity, is exercised when one composi- 
tion is destroyed, and at the same time another is formed. 
There are many familiar example^ of this kind of decompo- 
sition, some of which we witness almost every day. \ Cam* 
phor dissolved in alcohol or in strong spirits, makes a trans- 
parent solution ; but if water be poured into this solution, it 
mstantly becomes turbid, and the camphor separates from its 
connection with the alcohol, and rises to the surface of the 
fluid^ ^his separation takes place because the alcohol has 
a -stronger affinity for the water than for the camphor; and 
the turbidness is caused by the insolubility of the camphor in 
water, in consequence of which it takes the solid form. 

f Soap is composed of oil, an alkali, and water.^ The oil and 
water have no affinity for each other, but the alkali has a 
strong affinity both for the oil and water, and consequently 
the three substances unite and form a compound. But if an 
acid be mixed with a solution of soap, the compound is de- 
composed( for the alkali has a stronger attraction for the acid 
than for the oil and water^nd consequently the oil is rejected 
and rises to the surface, while the acid and the alkali form a 
new compound. 

^his affinity is called elective, because when one substance 
IS mixed with several others it seems to manifest a choice be- 
tween them, and elects one with which it unites, to the rejec- 
tion of the othersp 

It is most probable that every substance has an affinity for 
many other substances. We know indeed that this is true in 
a great variety of instances, sinc€(experiment shows that one 
substance will form several compounds with other substances, 
in succession, and that these compounds may in succession 



What is single elective affinity 1 Give an example of the exercise of this kind oT 
iff nitf . Wlien water is poured into a solution of camphor in spirit, why is thd 
camphor separated 1 What is the composition of soap? When an acid is mix«d 
with a solution of soap, why does the oil rise to the surface 1 MThy is this idnd of 
affinity called elective 1 What is said relative to the attraction of one substance for maay 
othersl 
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be destroyed by the application of other substances which 
have a stronger affinity to the firstf) 

As an example, suppose sulphuric acid, or the oil of vitriol, 
to be the first substance, or the one towards which several 
other substances have a chemical attraction, but in different 
degrees of force, then a compound formed between the acid 
and the substance having the least affinity, will be destroyed 
by the substance having the next stronger degree of affinity, 
and this second compound would be decomposed by the sub- 
stance having the next degree of affinity, and so of every 
substance having a stronger attraction for the acid. 

^ Thus, sulphuric arid has an affinity for baryieSy sironiian, 
potash, soda, lime, ammonia, and magnesia, and the force of 
this affinity is in the order in which they are named ; that is, 
barytes has the strongest and magnesia the weakest.^ A com- 
pound therefore of magnesia and sulphuric acid would be de- 
composed by the addition of ammonia, and one of^ ammonia 
and the acid, by the addition of lime, >^nd so on ;C.but none of 
these substances would decompose {hat formed between the 
acid and barytei^,)because these substances have the strongest 
affinity for each other. 

No chemical facts appear on first view more simple or in- 
telligible than those which are explained by the operation of 
elective affinity. But we shall find on a more minute exami- 
nation, that tKis force abstractedly considered, is only one of 
several causes, which are concerned in chemical decomposi- 
tions, and that its action is modified, and sometimes subverted 
by counteracting causes, to be mentioned hereafter. 

/Double Elective Affinity, takes place whenever two 
compounds, each consisting of two ingredients, mutually 
decompose each other, and by a double interchange of these 
principles form two new compounds.) We have seen that 
in single elective affinity, one new compound is formed by 
^ihe addition of a single substance, while the ingredient thiiB 
rejected remained uncombined, or alone, in the solution. 
Thus, when lime is added to a compound of magnesia and 
sulphuric acid, the lime and acid unite, while the magnesia 



What are the substances named, as having an affinity for sulphuric acid, and in whu 
order is the force of this affinity with reepoct to the substances ? Suppose soda and siU- 
phttric acid to be combined, which of the substances named would decomiiose the com* 
pound 1 Which of the substances named would decompose sulphate of barytes 1 Whan 
does double elective affimty take place } 
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is rejected, and remains solitary in the solution, haying no- 
thing on which to trestow its affinity. 

In double elective affinity, an interchange of the principles 
belonging to each compound is effected, and thus the old 
compounds are destroyed, and new ones formed ; and it is 
curious and interesting to observe the consequences, of what 
we should call the likes and dislikes of the particles of mat- 
ter for each other, were they animated. 

It often happens, that a compound of two ingredients can- 
not be destroyed by the application of a third, or fourth in- 
gredient, separately ; but if the third and fourth be combined, 
and then the two compounds be brought into contact with 
each other, decomposition and interchange of principles will 
ensue. ^Thus, sulphate of soda is composed of soda and 
sulphuric acid, and is the substance called glauber's salt. 
Now when lime is added to a solution of this salt, there en- 
sues no decomposition, because the soda attracts the acid, 
more strongly than the acid attracts the lime. ^ If niuria* 
tic acid be added to the same solution, there still follows no 
decomposition, because the sulphuric acid has a greater 
affinity for the soda,' than the soda has for the muriatic acid> 
But if the. linie and inuriatic aciJ be prcvidlEsly combine(3, 
forming a muriate of lime, and this coinpound be ad tied to 
the solution of the sulphate of soda,/ihcn a double decompo- 
fiition follows, and two new compounds are formed out of the 
old ingredient^ The lime of the muriate of lime, and the 
sulphuric acid of the sulphate of soda, having stronger af- 
finities for each other, than the first has for muriatic acid, 
or the second for soda, mutually abandon their old connec- 
tions, and having combined with each other, form a new com- 
pound under the name o[{ sulphate of lime- The soda and 
muriatic acid being thus rejected, and their former unions 
dissolved, they combine themselves anew, and form another 
compound, known under the name of, muriate of soda; ax 
common salt. These changes will perhaps be better under- 
stood by the diagram^ which follows. 



In this kind of affinity, how many old componnds are destroyed, and how many new 
•MS fiNrmed at the same time 1 Why does not lime decompose aulirfiate of soda 1 Why 
does not muriatic acid decompose sulphate of soda? What are the chemical changes 
•fiected when muriate of lime is added to a solution of sulphate of soda t What are tht 
names of the new compounds fixrmed by the decomposition of sulphate of sodai and mn* 
riataoTUme? 
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Muriate of Soda. 



^ ^ — ^ ^ — 

Soda, Muriatic acid. 



Sulphate 
Soda. 



Sulphuric acid. Lime. 



Muriate 
Lime. 



\ y » 



Sulphate of Lime. 
On the outside of the vertical braclcets are placed the names 
of the original compounds, sulphate of soda and muriate of 
lime, and above and below the diagram those of the new com- 
pounds. The upper line is strait, to indicate thai the muri- 
ate of soda remains in solution, while the middle of the lower 
one is directed downward, to show that the sulphate of lime 
is prec$itated, or falls to the bottom of the vessel. 

Causes which counteract or modify the effects of chemical 

n.ff/nA.iif 



It has been stated that the effects of chemicstl action are 
often modified, or even subverted, by counteracting causes. 
The principal causes which have a tendency to counteract 
chemical combinations are ^ohesion^ quantity of matter^ elas- 
ticity, and gravity, i 

Cohesion, ^y cohesion, we mean that attractive force by 
which the particles of bodies are kept together, and in conse- 
quence of which, masses are formed, t This force may modi- 
fy, or entirely counteract that of chemical attraction •/\for the 
more strongly the particles of any substance are united) the 
greater the obstacle to a chemical union with those of other 
bodies, because the successful effects of affinity depend on a 
mutual penetration of particles. Hence the formation of che- 
mical compounds, with some exceptions, requires that at least 
one of the ins^redients should be in the state of a liquid, so 
that the particles of each should have free mutual access.^ 
Where the affinities are strong, and the cohesion slight, the 
union is eflTected with considerable energy, under such cir- 
cumstances. Thus, masses of carbonate of ammonia, of con- 
siderable size, will be dissolved by nitric acid ; but when the 

Explain the diagram Olustrating these changes. What are the princip^ causes which 
promote or counteract chemical changes 1 What is meant by cohesion % How doflt 
iprerent flotation t 
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force of cohesion is great, it is a strong barrier to the opera- 
tion of affinity. Thus, a mass of carbonate of linie, or mar- 
ble, will remain for days in an acid, when, were it reduced to 
powder, it would be dissolved in a few minutes. 

In all such cases, therefore, mechanical division is required 
before rapid solution, or intense chemical action, can be e^ 
fected. / Cohesion being thus overcome, solution is readily 
accomplished, because the solid now presents a greater extent 
of surface to the action of the fluid.^ 

CHeat) is another means of counteracting the cohesion of 
bodies, the repulsive power of caloric being indeed the great 
opposing force of that of cohesion(^and provided its quantity 
be proportionate to the force of attraction,"! will so overcome 
it as to render all solid bodies liquid. DiflTerent substances, 
it is obvious, require different degrees of heat for this purpose. 
Thus,/the cohesive force of such bodies as are called liquids, 
is so counteracted by the heat of ordinary temperatures'^ as to 
make their particles easily moveable among each other, a 
circumstance on which their liquidity depends. But many 
of these substances, such as water and oil, by the abstraction 
of heat, become solids,( because then the repulsive force of 
caloric becomes less than the fittractive force of cohesion.^' 
On the contrary, yin bodies which we term solids, the attract- 
ive force of cohesion is greater than the repulsive power of 
caloric, Tand hence at all ordinary temperatures, their parti- 
cles are fixed and immoveable among themselves, a circum- 
stance on which their solidity depends. 

We have stated that the exercise of affinity depends on the 
state of the substances concerned, and that in general, one of 
them must be in a fluid state. In most instances, solution is 
effected in some liquid, as an acid, alcohol, or water. <But 
to produce metallic alloys, the metals must be brought to a 
licjuid state without changing their properties, and this can 
be effected only by means of caloric. For this purpose, it is 
only necessary that one of the metals, viz. that requiring tne 
highest degree of heat, should be melted, and the other throwu 
into this in small pieces.; 

Quantity of matter. Experiment teaches that quantity ot 



Why win the same substance in powder enter into solution mora readily than whea in 
Om masBl What is the opposii^ force to cohesion? What is the cahse of fluidity \m 
bodlesi How might all bodies be made fluid 1 Why does water baomifl solid whea cal. 
«ric is abstracted from it 1 On what does the solidity of bodies de|icndl What is «m 
Mdy means by which metallic aUoys can be ^iroduced Y 
7* 
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( matter exerts an important influence over chemical decom- 
positions and solutions. / Thus, we know precisely how much 
sulphuric acid, for instance, will neutralize a given quantity 
of potash, when in a free state. But if the same quantity of 
potash be first combined with nitric acid, forming nitrate of 
potash, or saltpetre, then more of the sulphuric acid is re- 
quired to detacn this quantity than before, probably because 
some force is employed to destroy the union previously exist- 
ing between the nitric acid and the potash, and also because 
the affinity of the two substances for each other diminishes 
when both are nearly saturated. -^ 

Vin making a solution of a metal in an acid, it may be ob^ 
served, that the chemical action is much more energetic at 
the beginning of the process then afterwards, and that if no 
more acid be added, than is just sufficient to dissolve the me- 
tal, the action finally becomes so feeble as to require a day or 
two to complete the combination. But if, in this state, more 
acid be added, the action again becomes brisk, and the metal 
is soon dissolved.^ 

ElasiicUy. \ Cohesion being found an obstacle to the exer- 
cise of affinity, it might be expected that the contrary state, 
that is, the absence of cohesion, would facilitate chemical 
combinations ; but experiment determines otherwise?? In the 
elastic fluids, such as the gases, and common air, cohesion 
may be considered as entirely wanting. But bodies of this 
kind, though having a strong affinity to each other, show 
Uttle disposition, under ordinary circumstances, to combine. 
•Thus, oxygen and hydrogen, though in different electrical 
states, may be mixed together in the same vessel for any pe- 
riod of time, without the least symptom of combination, ^he 
reason of this, is probably owing to the distance of their par- 
ticles, which prevents that near approach to each other, requi- 
red to come within the 3phere of mutual attractions;*^ for if tho 
two gases be subjected to pressure by means of the little in- 
strument called a/fire pump,; Fig. 11, they unite with explo- 
sive energy. ' ^ 

The elastic property not only opposes the chemical union 
of bodies, but is onen an agent by which their decomposition 



I toaaid of the influence of quantity of matter on ehemical combinations 1 Ex- 
lAtfa how quantity of matter ie Illustrated hj the solution of a metal in an acid. Doee the 
elMticataia lacil tate chemical combinations? What is the most probable reasons tha 
I having an affinity for each other do not unite, when mixed under ordinary cireum- 
■Y How may oxygen aad hydrogen be mada to combine 1 
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is effected when exposed to the influence of caloric. Thus, 
suhstances containing a volatile and fixed principle, are 
sometimes decomposed by heat alone, because vthe repulsive 
force of caloric removes the elements of the compound be- 
yond the influence of mutual attraction, and the volatile ele- 
ment makes its escape in consequence,} Many of the salts, 
composed of an alkali, or a metal, and an acid, and water, 
are readily decomposed by heat alone. (fThe water is first 
turned to steam, and escapes by its elasticity, leaving the salt 
opake, and as the heat is raised, the acid is converted into 
vapour, and escapes in the same manner.^ 

On the same principle, oxygen is obtained from manga* 
nese, from nitre, and several other compounds, where it 
exists as a principle. 

Gravity. (When the difference between the weight of the 
two bodies is great, this circumstance opposes their chemical 
combination. ) (Thus, when common salt is thrown into water, 
it sinks to the bottom, where the water soon becomes satura- 
ted, and will dissolve no more; but if the water be agitated, 
the whole will soon dissolve. ) /It is found, also, that metals 
differing widely in their speanc gravities, when melted to- 
gether, do not mix equally, unless they are stirred, because 
the heavier metal settles to the bottom. ) 

Changes produced by Chemical Combijuiiions. 

(By chemical combination is meant a union between two or 
more substances of different kmds, so intimate that they can- 
not again be separated by mechanical means. 1 ^hus, if clay 
or chalk and water be mixed, the mixture will for a time hk 
turbid, or opake, but if suffered to stand for a day or two, the 
clay or chalk will settle to the bottom of the vessel, and the 
water above will become transparent:) (^But if water be mixed 
with an acid, or with a salt, or with saigar, the union becomes 
permanent, nor will rest, or filtration, or any other mechani- 
cal means, separate either of these ingredients from the wa- 
*er. y Hence, the distinction between mechanical mixture and 

floir does calorie act to separate a volatile (torn a fixed principle 1 How in the decom- 
paritkm of a fluid effected by heat 7 What is said of gravity in opposing chemical 
miloii 7 IIow does common salt, in water, illustrate this principle 1 What is said of Uio 
combination of mctab in this respect! What is meant by chemical combination 1 
What is the distinction between mechanical mixture and chemiral union 1 Why will 
not chalk and water combine permanently 1 When water and sugar are mixed, why 
doss HOC the sugar settle to the bottom of the ressell 
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chemical union, i In the first, no affinity between the sub- 
stances exists, and therefore no union takes place, and the 
chalk or clajft falls to the bottom of the vessel. In the second, 
there is a combination between the particles of which the 
substances are composed, owing to the affinity existing be- 
tween them, and hence they are not separated, except by a 
stronger force than that of the existing affinity."^ 

/The changes that accompany chemical action, are in some 
proportion to its intensity. In the instances above named, 
where water is mixed with a small quantity of acid or salt, 
this action is feeble, and the sensible changes produced in- 
considerable, being only a slightly acidulous, or saline taste, 
given to the water. But in cases where the chemical action 
is intense, the changes produced in the combining substances 
are often great in proportion^ ( Thus, when the two gases, 
oxygen and hydrogen, are burned together, their combination 
is attended with most intense chemical action, by which the 
highest degrees of heat are evolved, and at the same time 
the change produced is no less than the condensation of two 
elastic gases into the fluid water.) 

,^any substances which are highly corrosive, in a sepa 
rate state, become miK and lose all their acrid qualities by 
combination with each otherp ^Sulphuric acid and potash, 
for example, are highly caustic substances. They both act 
with great energy on animal and vegetable bodies, producing 
decomposition and total destruction of texture. The acid 
turns the blue colors of vegetables to red, and the alkali turns 
these colors to greenJ ( But on mixing these substances to- 
gether, they entirely destroy the caustic qualities of each 
other, and there resuUs a solid compound, called sulphate of 
potash, which is mild to the taste, and neither acts on animal 
or vegetable bodies, nor changes the colors of the latter."* 
This is called a neutral salt, because the substances of which 
it is composed, thus neutralize the active properties of each 
other. 

'When the opposing properties of chemical agents are thus 
destroyed by combination, ^hey are said to saturate each 
other, and it is found that the acrid and caustic qualities of all 



b there any proportion between the intenibity of chemical action and the changes pro 
dnoad thereby 1 What iBuBtrattons oT this law are given t What effect does combina- 
tion aometimes have on the corn»>e properties of bodies 1 Give an illustratiun or this 
eflbal What is the compoeit'ron of sulphate of potash? What is a neutral salt 1 When 
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the acids and alkalies are weakened in proportion as one is 
added to the other, until the poiiil of saturation is attained, 
when the compound becomes neutral, and is not affected by 
a further addition of the acid or alkali, which forms a part of 
its composition. 

tA. change of bulk is also in many instances the result of 
chemical union, so that the two bodies after combination, do 
not occupy the same space as before. V Thus, when a pint of 
sulphuric acid is mixed with a pint of water, the chemical 
action is so great as to raise the thermometer above the boil- 
ing point} and the resulting compound w^ill not measure two 
pints as before the mixture, but considerabl}*/ less.) 

^hen zinc and copper are fused together, the resulting al- 
loy has a specific gravity greater than the medium specific 
gravities of the two metals, showing that their bulks are di- 
minished by the union. ) The same happens when alcohol 
and water are mixed ; and in general it is found that the re- 
sulting body afler chemical combination has a greater speci- 
fic gravity than the mean of its components. 

tA.nother change often produced by the exercise of affinity, 
is that of coLaiir^ The alloys nf-any^KQ, metals do not ex- 



hibit the medium of their two colours. Thus the white me- 
tal, zinc, and the red one, copper, when melted together, form 
the yellow compound, brass. The colours of the metallic ox- 
ides diffdr according to the quantities of oxygen they contain. 
The black oxide of mercury contains 200'parts of the meta) 
and 8 parts of oxygen, while the same quantity of the metal 
combined with 16 parts of oxygen, forms the red oxide of 
mercury. We have already had occasion to notice, that blue 
vegetable colours are changed to red by acids, and to green 
by alkalies ; and in addition to this, we may state generally, 
that all vegetable colours are changed, more or less, by the 
application of these agents.'* 

There is still another change, which is the effect of chemi- 
cal affinity, and is often highly important ; this is the change 
of form, ^ Of this change chemistry exhibits a great variety 
of examples, many of which are highly curious and interest- 



Wliat is said of change of bulk as a result of chemlctil action 1 Suppose a quantity of 
vater and sulphuric acid are mixed, will they occupy the same bulk that they did before 
the mixtare 1 Will the bulk be greater or less than liefore 1 In chemical combinations^ 
ia the resulting body more or less dense than the medium density of its components) 
What is said of the change of colour pro(!<iced by chemical coinbinatiow 1 Is change q( 
fiarm ever effected by chemical combiqatioqu 7 
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tag. Thus, if a saturated solution of muriate of lime in wa- 
ter, be, mixed with a small quantity of sulphuric acid, the 
two fluids immediately become a solid. C This change is pro- 
duced by the exercise of affinity^ The muriate of lime is 
composed of lime and muriatic acid, and of this salt, w^ter will 
dissolve a large quantity and still remain fluid. The sulphu- 
ric acid has a stronger attraction for lime than the muriatic 
has, and the sulphate of lime is nearly insoluble in water. 
When therefore the former acid is added to the solution, a 
sulphate of lime is formed, which in a spongy form occupies 
the whole vessel. \ On the contrary, if equal parts of alum 
and acetate, or sugar of lead, be rubbed forcibly together in 
a mortar, they form a compound mass wiich is nearly fluid^ 
The cause of this change from the solid to the semi-fluid 
state, is also easily explained. The alum and sugar of lead 
contain a quantity of water, called the water of crystallization. 
When they are forcibly rubbed together, the elements of which 
they are composed, unite in consequence of mutual affinity, 
and thus the water of crystallization is set free, and occasions 
the partial fluidity of the mixture. The great changes which 
the two gases undergo in the formation of water, have al- 
r««dy beeiV msruioned. Shnliar changes, so tar as respects 
the condensation of elastic fluids and liquids, are phenomena 
jwhich are frequently witnessed in experimental chemistry, 
^hus, water absorbs about 500 time its own bulk of the gas, 
called ammonia, which is in this manner condensed, and 
forms a part of the liquid. The compound thus formed is 
known by the name of spirit of hartshorn. Quicklime, in the 
process of slacking, absorbs a large quantity of water, which 
by this combination becomes solid, and forms a part of the 
dry lime,/ 

In the formation of the gases, on the contrary, there is an 
immense increase of bulk. When water is decomposed and 
made to assume its elementary gaseous form, Ihere is a» in- 
crease of bulk nearly equal to 2000 volumes.) That is, a 
cubic inch of water contams 662 cubic inches of oxygen, and 
1325 cubic inches of hydrogen; thus the volume is in- 
creased 1987 times by tHe decomposition. The explosion 



How is the change of form accounted for when sulphurie acid and muriate of lime an 
mixed 1 How is the change of form explained, when alum and acetate of lead are for* 
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of gun powder is another example of the vast increase of 
volume by chemical decomposition. 

Force of Chemical Affinity. CAlthough it is ascertained, 
by means already described, that the affinity of one body for 
a number of others, is not of equal force, yet we are ignorant 
how much difference there is in the foices of these different 
degrees of affinity. 

(The only means of deciding this question is to observe the 
tendency which several substances have to unite with the 
same substance, under similar circumstanced. C Oxygen, for 
instance, as a universal agent, might be selected as a stand- 
ard, and the force of affinity between this and other bodies 
be estimated by their degrees of oxidation under the same 
circumstances. i^We know that there is an immense differ- 
ence between the forces with which different bodies attract 
this principle. Some of the metals, for instance, absorb 
oxygen witlr such avidity, that they cannot be preserved in 
their metallic state when exposed to the atmosphere, even 
for a short time ; while others have so little affinity for this 
principle, that they cannot be oxidated without the most ener- 
getic means. /Thus, potassium (see this v/ord) attracts oxy- 
gen with such force as to decompose water, at common tem- 
peratures, by absorbing it from the hydrogen ; while the 
affinity of platina or gold for this principle is so weak as not 
to attract it at all, except at the highest degrees of heat, or 
from acids which impart it most easily."" 

We may constantly ol serve the effect of the different 
forces with which several metals attract oxygen in the com- 
mon affairs of life. VThus, iron and lead, when exposed to 
the moisture of the atmosphere, soon tarnish, and after a 
time, by the absorption of oxygen, their surfaces become 
covered with rust, or the oxides'of iron and lead. But silver 
afld jpld when exposed in the same manner, continue bright 
anMfctarnished for years, as may be observed in the points 
of lightning rods, and the gilded vanes and balls of church 
steeples. This difference can only arise from the different 
forces with which these metals attract the oxygen of the at- 
mosphereA 

There is no department in chemistry, either as a science, 



Hew ralnht the force of affinity be ascertained 7 How do we know that there is a great 
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irt, which so much needs the investigation of ahlemen 
v8 iniS. ^Tables of affinity, showing at once the force of at- 
traction between different chemical elements, would enable 
the inquirer, without further experiment, to decide what sub- 
stance would decompose any given compound, and therefore 
how to separate, or combine, the different principles of bodies 
for a vnst variety of purposes.) Tables to a very limited ex- 
tent have already been constructed for such purposes, but the 
difficulty and magnitude of this subject seems to have deter- . 
red the more modern chemists from engaging in this exten- 
sive department of the science. 

Indefinite and Definite Proportions, 

It is ascertained by experiment that some bodies unite m 
unlimited, or indefinite proportions, while others combine in 
proportions which are always limited, or definite. 

vThe discovery of the laws of definite proportions is one of 
the most important and wonderful among the great and bril- 
liant achievements in modern chemistry.i It is sufficient of 
itself to convince any reasoning mind, tfiat order and system 
pervade the universe, and that the minutest atoms of matter, 
and the vast orbs that move round the heavens, are equally 
under the control of the invariable laws of the Creator. 

Indefinite proportions. VjVhen we mix water and alcohol, 
or water and any of the acids, they unite in any proportion. 
Thus, a drop of acid will combine with any quantity of water, 
and water will unite in the same manner with alcohol, or acid:) 
This pr'i.ciple may be tested by direct experiment ^vfor if a 
gallon of water be tinged blue by a vegetable colour, a few 
drops of sulphuric acid will turn every drop in the gallon to 
a red colour, thus proving, that this small quantity of acid has 
diffused itself through the whole mass. By similar experi- 
ment it can be sho\vn that a small quantity of water will dif- 
fuse itself through a large quantity of acid.> These examples 
prove that some bodies combine in unlimited proportions on 
both sides. 

Other combinations appear to be limited on one side, and 
unlimited on the other, ^hus, common salt, and other saline 
substances, will dissolve in water in any proportion short of 



What wouU be the use of tables^ showing the force of attraction between differem 
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tke point of saturation Jailer which, if more be added, it will 
fidl to the bottom of the vessel and remain solidx ( The great- 
est proportions in which water and common salt combine, 
are those of 100 of the former, with 40 of the latter p but the 
smallest quantity of salt will diffuse itself through the largest 
quantity of water, and the probable reason why salt does not 
unite with water in every proportion, is, that its cohesion 
resists the feeble affinity of the fluid aSfler it becomes satura- 
ted. 

In all cases where bodies combine with each other in eve- 
ry proportion, or where the proportions are limited on one 
side, and indefinite on the other, the force of affinity by which 
such compounds are formed id^^feeblej and the compounds 
themselves often differ but little from the original ingredients. 
Thus, [alcohol and water combine in all proportions, but the 
union produces only a modification of the qualities of each, 
the degrees of which depend on the proportions of the mix- 
ture, and the force of aflinity between them is so weak, that 
distillation, by a gentle heat, entirely destroys their union. 
^Solutions of the salts, sugar, acids, and many other princi- 
ples, are examples of ^ihe same kinu ; a moderate heal, and 
sometimes evaporation, without heat, will dissipate the water 
and leave the other ingredients in their former stateH 

In these, and a great variety of other instances, although 
the force of affinity is slight, still there is a wide difference 
between such compounds, and mere mechanical mixtures, 
since the latter are separated by rest, while the ingredients 
of the former are not separated by rest, filtration, or any other 
mechanical means. 

C These solutions, or combinations, formed by feeble affini- 
ties, resemble mixtures in respect to the slight changes which 
their ingredients undergo by uniting, while they resemble 
chemical compounds in respect to the inseparable nature of 
the union, by mechanical means, i 

The writer of the article Chemistry^ in the Library of 



How is it proved that a few drops of acid will diffuse itself through a large quantity of 
water 1 What bodies combine in limited proportions on one side, and unlimited propor- 
tions on the other 7 In what proportions do water and common salt combine 7 In cases 
where bodies unite in all proportions, is the force of affinity strong or weak! What 
are the substances mentioned, which unite in all proportions! In what respect do com- 
binations, formed hy feeble affinities, resemble mixtures, and in what respect do they 
resemble chemical compounds! What are these slight combinatioDS called in the li. 
brary of Useful Knowledge! 
8 
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Useful Knowledge, has called such slight comb/nationsrCAe- 
mical mixiures.^n order to distinguish them from compounds 
formed by energetic affinities, and which come within the law 
of definite proportions. 

But as the student will find in most books on this subject, 
that mixtures are distinguished from compounds only by tKe 
means necessary to separate their ingredients, we have 
thought best, at present, to continue the same division; at 
the same time, having it distinctly understood, that the uni- 
versality of definite proportions, applies only to energetic 
combinations. 

Definite Proportions. 

By definite proportions in chemistry^t is meant that the 
ingredients, or elements of chemical compounds, unite with 
each other in rertain proportions only })and that these propor- 
tions in the same compound, are under all circumstances in- 
variably the same. I'he proofs of this doctrine are estab- 
lished by experiments conducted with the most rigid exaa- 
ness, and it is true, beyond all controversy. 

The subject of definite proportions may be conveniently 
treated of, iinder three several propositions or laws, it being 
understood that the proportion of hydrogen in water repre- 
sents unity or 1, and that this is the common unit to which 
all the other numbers refer. 

First, ^TAc composition of all chemical compounds is fixedt 
and i7tvariable.) 

Experiment shows that some bodies combine in only one 
proportion. vThus, there is only one compound of zinc, and 
oxygen, called the oxide of zinc.') (Other bodies combine in 
two proportions. Thus, there are two oxides of copper, one 
of which is composed by weight of 1 proportion of oxygen, 
and 8 of copper, and the other, 2 of oxygen, and 8 of copper.^ 
Other bodies again combine in three, four, ^ve, or evenrsix ) 
proportions, the latter being the greatest number of compounds 



What 18 meant by definite proportions in chemistry 1 What Is the first law of definite 
propnnions ? What two substances combine only in one prupunion ) What two «id>* 
stances are mentioned which combine in two proportions, and what are these propoc^ 
tions 1 What number of compounds are Itnown to be formed by two elements? The 
proportions of any chemical coinpound beiQg definite, what would be tJieeflea of cfaaiig< 
ing these proportions 1 
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known to have been formed by any two substances, within 
the limits of definite proportions' 

The proportions of any given compound being invariably 
the same, it follows that its characteristic properties depend 
on these proportions, and that if these proportions are changed, 
the compound will contain new properties, and therefore (a 
new substance is formed./ As an example of the change 
produced on the compound, by a diflerent proportion of one 
of its constituents, we will cite mercury and chlorine, (see 
chlorine.) These two substances unite in two proportions, 
the first of which is composed of mercury 200, and chlorine 
36. This forms the well known medicine called calomel, and 
is sometimes given in doses of a tea-spoonful at a time, with- 
out injury. The other is composed of mercury 200, and 
chlorine 72, being one more proportion of chlonne, than is 
contained in the calomel. But the two compounds in their 
sensible qualities are entirely different, the latter being one 
of the most active and fatal of poisons, and is known by the 
name of corrosive sublimate. \ Thus two substances uniting in 
one proportion, form a compound which is comparatively 
inert, while in another proportion they form one of the most 
virulent poisons known.} Nor is there any medium, or half 
way union between these bodies ; they combine in these two 
proportions or not at all. (^For, suppose 200 parts of mercury 
should be exposed to the action of 40 parts, by weight, of 
chlorine, then the mercury would combine witK 36 parts of 
the gas, and no more, leaving the other 4 parts remaining un- 
touched.; And so, on the contrary, if 210 parts of the metal 
be exposed to the action of 36 parts of the gas, then the gas 
will combine with 200 parts of the mercury, while the 10 
parts would remain uncombined. 

In all energetic combinations the proportions of the com- 
bining substances are limited in the same manner, though 
the proportions themselves are exceedingly various. Indeed, 
it appears that the law of limited proportions, is as universal 
and as permanent as the law of gravitation itself, and that 
its doctrines, so far from being founded on the theoretical 
opinions of men/ are in truth based on a general, but more 
recently discovered law of naturcri 



What example is giren of the diflerence between compotind* formed of one and two 
proponions of the same elements 1 What is said concerning the combination of mercury 
ftnd chlorine in other proportions 1 Will 40 pans of chlorine unite with 200 parts of 
mercury 1 On wha( in it said the truth of the law of definite proportiona is founded 1 
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Seconcl When two substa7ices unite in more than oneprff' 
portion, the second or third proportions are multiples of the 
first, by a whole number^ 

This very remarkable law applies in every case where 
bodies unite with each other in more than one definite pro- 
portion. The expression af the law, simply means, that the 
first proportion in which two bodies unite, is in the lowest or 
smallest proportion in which the two constituents are capable 
of uniting with each other, and that the other proportions are 
double, triple, or quadruple, this lowest proportion. 

For examyile, the several compounds of nitrogen and oxy- 
gen are in the following proportions to each other, viz. : 

Nilrogea Oxygen. 

Nitrous oxide, consists of 14 parts, and 8 parts. 
Nitric oxide, " U " 16 ** 

Hyponitrous acid, " 14 ** 24 " 

Nitrous acid, " 14 " 32 " 

Nitric acid, " 14 " 40 " 

Thus the lowest proportions in which oxygen and nitrogen 
combine, being to each other as the numbers 8 and 14, all the 
other proportions of oxygen are multiples of this first number, 
while the proportion of nitrogen remains the same^The se- 
cond number is the first multiplied by 2 ;] the third, the first 
ffiultiplied. by 3 ; and so on. These proportions are therefore 
to each other, as the numbers I, 2, 3, 4, and 5. 

Illustrations of this law can be observed throughout every 
department of chemistry, where the analysis of chemical com* 
pounds are given, and with a single exception, or two, wherQ 
it is most probable the fault is either in the analysis or the 
want of knowledge, the same principle is found to be exactly 
true. One of these exceptions is found in an oxide of man- 
ganese, and will be pointed out hereafter. 

On these discoveries is founded the law, called the law of 
mtdtiple proportions, a phrase which is often repeated in all 
the late works on Chemistry, and of its general truth, as 
already observed, there can be no doubt In the above ex,- 
ample» all the succeeding proportions of oxygen are multi- 
ples of the first. 



What is the eocaoA law of definite pn^itions % What explanatiims are given of Ham 
Jaw % Suppose the smallest proportions in which nitrogen and oxygen combine are 14 ot 
the first, and eight of the last by weight, wliat then will be the secoiid propcntion 'm 
which oxygen cfunbines with nitrogen 1 What the third, wl^at the fourth, and what thjB 
fifih? 
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The third law of combination is nearly connected with the 
last, though the difference of expression and of meaning will 
be obvious. This law is not less extraordinary than that of 
multiple proportions, and may be understood by the following 
examples given by Dr. Turner. 

Water, we have already seen, is composed of 8 oxygen and 
1 hydrogen: hypos ulphurous acid is composed of 8 oxygen 
and 16 sulphur. Now it is a curious fact, that the gas, called 
sulphuretted hydrogen, is constituted of 1 hydroge.n and 16 
sulphur ; that is, the quantities of hydrogen and of sulphur 
which combine with the same quantity of oilmen, combine 
with each other. Again, 36 parts of chlorine and 8 of oxygen 
constitute the oxide of chlorine, and with 1 of hydrogen, form 
muriatic acid gas: also 16 parts of sulphur combine with 36 
of chlorine to form the chloride of sulphur. Hence bodies 
unite in proportional numbers, as in the above instances the 
proportion o( hyirogen is 1, thai of oxygen S, that of gtdphur 
16, and that of chlorine 36. 

(But this law not only applies to the elementary parts of 
substances, such as hydrogen, oxygen, chlorine, ana sulphur, 
but also to compound bodies ; whose combining proportions 
may likewise be expressed by numbers.J 

Now the proportions of any compound being expressed by 
the numbers attached to each element of which it is compO' 
sed, the number represanting the compounds, is composed of 
the sum of its parts, or elements. f^Thus water is composed 
of oxygen 8, hydrogen being 1, and its combining proportion 
will therefore" be 8 +040^7 When one element combines 
with another in several proportions, the number representing 
the single proportion, and those representing the several other 
proportions, ^re added together )to make up the combining 
number of the compound. Thusf sul) huric acid is compost 
of one proportion of sulphur lo, and three proportions of 
oxygen ; and as one proportion of oxygen is 8, so the whole 
number representing the oxygen in this acid is 24; to wiiich 
16 being added, makes the number representing sulphuric 
acid to be 40. 



What is the third law of definite proportions 1 Explain thb law. Suppoee 64 repiMelita 
ihe metal, and 8 the oxygen, in an oxide of copper, and enppoae there is a iecond oxida^ 
what woald be the uumbera npreeenting the metal and the oxyfeni Does thla 
law of numbera apply to the elements of bodies only, or to the compoimds tA»% 
When the numbers for the elements of a eomixmnd are taiomw htom najr Iha 
number for the compound be fouiidl What are the aamban Ar UydVQlaii «ai 
oxygen in water 1 
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It must be remembered that the smallest proportion, by 
weight, in which an element is found to combine, is the 
fixed number by which that element is always represented. 
Oxygen is invariably represented by 8, because this is the 
smallest proportion in which it is known to combine with 
any other substance. Thus, also, water is composed of oxy- 
gen 8, and hydrogen 1 ; potash of oxygen 8, and the metal, 
potassium, 40. The lowest proportion in which sulphur is 
Known to combine with any other substance is 16, and there- 
fore sulphur is always represented by this number, f Thus 
sulphuret of liad is composed of 1 proportion of sulphur 16, 
and one of lead, whose combining number is 104. Its num- 
ber therefore is 16-|-104=120.'^ JVe have just mentioned 
that the combining number of any compound is represented 
by the sum of its simple, or elementary parts^ This will now 
be understood ; for by adding the numbers representing the 
elements in each of the above examples, we shall have those 
by which the compounds are represented. The number for 
water, as already shown, is(9;)the number for potash is 48, 
viz. 8 oxygen and 40 potassmm ; that for sulphuret of lead 
13 120, viz. sulphur 16, and lead 104. 

. By remembering the combining weights of the elements 
of any compound, the number representing that compound 
may at once be known, for example, hydrate of potash is 
composed of water and potash jT water is composed of oxy- 
gen 8, and hydrogen 1=9. Potash is composed of potas- 
sium 40, and oxygen 8=48. These two sums being added, 
viz. 9-1-48=57. / Thus the number for hydrate of potash is 
57. Again, the salt called sulphate of potash is compounded 
of sulphuric acid and potash. Now to find the number re- 
presenting its combining proportion, we have only to remem- 
ber that J* sulphuric acid is composed of one proportional of 
sulphur 16, and 3 proportionals of oxygen 24^nd that the 
sums of these two numbers are 40. ^ The number for potash, 
as above seen, is 48 j therefore the number for sulphate ot 
potash, being the sum of these two numbers, is 40-|-48=88. "^ 



^ What then is the number for water? How does it appear that 40 ts the number for 
•ulphuric ar.id 1 Are the numbMV for each element and compound invariable 1 On what 
eireumstance Is the number for an element founded 1 What ia the number for sulphu- 
ret of lead? What other number is this number composed of? Hydrate of potash is 
ootnposed of water and potash, how wilt you find the number which represents hydrate 
of potaah ? What is the composition of sulphate of potash ? How may the number re- 
pfwenting; this compound be found? 
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It is unnecessary to adduce further examples, since the in- 
telligent student will be able to understand from the above 
epitome, not only on what kind of facts the laws of definite 
proportions are founded, but will also, it is hoped, be able to 
apply the above principles to the proportional numbers of the 
most common substances to be mentioned hereafter. 

Combination by Volumes. The doctrine of definite pro- 
portions was founded on the suggestions ofUMr. Higgins,)of 
Glasgow, published in 1789. But it was(Jtfr. Dalton, of Man- 
chester, in Englandj^who established the laws of chemical 
combinations, and who has the merit, of not onlV discovering 
almost all that is known in the details of this subject, but also 
of having brought it distinctly before the world. Mr. Dahon 
published his views of the doctrine of definite proportions, in 
1808, soon afler which, Gay Lussac, a French chemist, pro- 
ved by a publication in one of the jo\irnals/that gases unite 
in simple and definite proportions, and among other instan- 
ces, showed that water is composed precisely of 100 volumes 
of oxygen, and 200 volumes of hydrogeii> It was afterwards 
shown by the same author, that other gaseous substances, 
which are capable of a chemical union with each other, unite 
in definite proportions, by measure, or volume, and that these 
proportions are in the simple (ratio of 1 to 1, 1 to 2, 1 to 3, 
ancl so on, as above stated.^ 

These observations have since been confirmed by nume- 
rous experiments, instituted by the first chemists of the age, 
and at present it is as fully established, that the law of defi- 
nite proportions extends to the volumes of gases, as it does to 
their weights and to those of solids. (As an illustration of the 
truth of this law, we adduce the condensation of hydrogen 
and oxygen by combustion, because these gases are more 
generally known than any others, and because their combi- 
nation is also one of the most familiar examples of definite 
proportions by weight. The apparatus for this purpose it is 
unnecessary to describe, it being sufficient for our present 
purpose, to state that the experiment has oflen been made 
with the most infallible accuracy. 

The invariable proportions in which oxygen and hydrogen 

Who first duggested the doctrine of definite proportions 1 Who extended this sub- 
ject, and brought it before the public 1 What is said relative to the union of the 
gi»B by volume 1 In what ratio do the gases combine by volume? What illua- 
tnttion is given of the union of the gases by volume 1 What are the proportions in 
which hydngen and oxygen combioe by volume, and what ar« these proportions by 
weight 1 
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combine, areHby volume 1 of the first and 2 of the last, iind 
by weight 16 of oxygen to 1 of hydrogen.) fThus the speci- 
fic gravities of these two gases are to each other as the num- 
bers 1 and 16, that is, a cubic foot of oxygen is just 16 times 
as heavy as the same bulk of hydrogen. ) The reason why 
hydrogen is represented by 1, as its combining proportion, by- 
weight, while its combining volume is double that of the oxy 
gen, will be seen hereafter. (The mode of ascertaining the 
comparative volumes in which these two gases combine, is to 
' measure them carefully, and having introduced them into a 
glass tube, fKe mixture is inflamed by an electric spark; and 
in every instance it has been found, that whatever the propor- 
tions of the mixture might be in respect to each other, the ra- 
tio of combination is always the same, and consists of two 
parts of hydrogen, and one of oxygen, by volume) ^^When 
one measure of oxygen is mixed with three of/^ydrogen, 
there wilt remain in the vessel one measure of hydrogen un- 
combined and pure,7and no continuance of the electricity will 
in the least change this proportion ; and so, two measures of 
oxygen and two of hydrogen, leave one measure of oxygen 
in the same manner. 

When other gases unite merely in consequence of being 
brought into contact, and without combustion, (the same law 
applies, that is, if the volume of one be greater than its com- 
bining proportion, the excess remains pure and untouched. ^ 

We give a few examples of the proportions in which ga- 
ses unite by volume. 

Volumes. Volumes. 

100 muriatic acid gas combine with 100 ammoniacal gas, 
100 oxygen gas ** 200 hydrogen gas, 

100 hydrogen gas " 60 oxygen gas, 

100 nitrogen gas " 200 oxygen gas, 

100 chlorine gas •• 100 hydrogen gas, 

100 nitrogen gas " 300 hydrogen gas. 

Another curious fact concerning the union of the gaseS is, 
that niany of them suffer a diminution of bulk, which is also 
in a simple ratio to the volume of the one or both. Thus, wheti 
3 volumes of hydrogen and 1 of nitrogen combine, th«y in- 



What an th« relatiTt specific inraTitkM of theM two gsKsl What te tbe mode of «»- 
certaining the volunies of these gaaos ? Suppose mw nwamire of oxygen is mixed WiA 
thxee of hydrogen, and inflamed, what win beMme vf the third measure of hydrogan t 
Does the same law appty when two gans combine without combustion 1 What Ulii» 
ntiona an giTen of the combination of giuBS fagr Tolume? 
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Stantly contract into 2 volumes, or one half their former bulk, 
and form gaseous ammonia. A similar condensation takes 
place when several of the other gases combine. 

Chemical Equivalents. It was long since proved by Wen- 
zel, a German chemist, that when two nt^utral salts decom- 
pose each other, the resulting compounds are likewise neu- 
tral. That is, the acid of one will exactly neutralize the alkali 
of the other ; and although two new salts are formed by this 
mutual decomposition, they will both, like the original com- 
pounds, be equally neutral. If one of the salts be in quan- 
tity too large for the combining proportions, then the excess 
of that salt will remain undecomposed in the solution, and 
only such a portion of it will be decomposed as is just suffi- 
cient to neutralize the constituents of the other salt. 

Hence, (Chemical Equivalents are those definite propor- 
tions of one substance^ which neutralize definite proportions 
of another substance.') 

The truth of this law may be demonstrated by setting down 
the combining numbers of two salts, and the number repre- 
senting the two new compounds, and then by exchanging the 
numbers representing the combining parts, the numbers for 
each compound will be found to represent the number for the 
new compound, and the combined numbers of the old and 
new compounds will be equal to each other. Thus, the num- 
ber for sulphuric acid is 40, and the combining proportion of 
potash is 48, and therefore the number for sulphate of potash 
i;^88^ ^he combining proportion of nitric acid is 54, and 
that of baryta 78, and the sum of these two numbers is 132, 
which represents the nitrate of baryta, I Now when these 
two salts are mingled together in solution, both are decom- 
posed ; the 54 pans of nitric acid of the nitrate of baryta will 
saturate the 48 parts of potash of the sulphate of potash, ma- 
king a new salt, nitrate af potash, whose combming number 
is 102, At the same time, the 40 parts of sulphuric acid of 
the sulphate of potash, will combine with, and saturate, the 78 
parts of the baryta of the nitrate of baryta, forming another' 
new salt, sulphate of baryta, whose number will therefore 
be 40 added to 78=118. 



What is meant by chemical equivalents 1 How may it be proved that when two salts 
decompose each other, the acid of one exactly neutralizes the alkali of the other % What 
number represents nitrate of barytal What number represeiits sulphate of potash 1 
When these two salts decompose each cither, what are the names of the new salts kerm^ 
mxl what is the number for eacl) } 
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Now it may be observed that the sums of the proportional 
numbers of the old and new compounds are equal, and the 
same, and therefore that there can be no excess in either of 
the alkalies or acids. This may be shown thus : 

Sulphuric acid 40 and potash 48, form sulph. potash, 88 
Nitric acid 54 and baryta 78, form nitrate baryta, 132 

Sum of the old compound, 220 

Sulph. acid 40 and baryta 78, form sulph. of baryta, 118 
Nitric acid 54 and potash 48, form nitrate of potash, 102 

Sum of the new compound, 220 

The utility of being acquainted with these important laws, 
says Mr. Turner, is almost too manifest to require notice. 
Through their aid, and by remembering the proportional num- 
bers of a few elementary substances, the composition of an 
extensive range of compound bodies may be calculated with 
facility. By knowing ihaf 6 is the combining proportion of 
carbon^ and(8 of oxygen) it is easy to recollect the composi- 
tion of carbonic oxide, and carbonic acid ; the first being 
composed of 6 carbon and 8 o.xygen, and the second of 6 
carbon and 16 oxygen. By simply remembering, therefore, 
_ ^hat carbonic oxi Je is co mposed of jme. proportion of carbon, 
and 1 proportion of oxygen, and knowing that carbon is 
represented by 6 and oxygen by 8, we at once arrive at its 
composition. And by recollecting that carbonic acid has 1 
proportion of carbon, and 2 of oxygen, the composition of 
this i& also known. It may be remembered that the number 
for potassium is 40, and tKat when combined with one pro- 
portion of oxygen, 8, it forms potash, 48. Now by remem- 
bering these clata, we know without further trouble the com- 
position of the carbonate and bicarbonate of potash. ^The car- 
bonate being composed of one proportion of carbonic acid, 
r22, (that is 6 carbon and 16 oxygen,)>and one proportion of 
potash, 48, (that is, potassium 40 and 8 oxygen,) is represent 
ed by 70. (Jhe bicarbonate is composed of one proportion 



What is the sum of the numbefB of tho old mlts, and what the sum of the nuinben 
of Che two iiew salts 1 What is the equiralent number for carbon? What is the equi 
Talent number for oxygen 1 Carbonic aci I is contposcd of 1 equivalent of carbon, and 3 
aquivalenis nf oxygen now what If the number for carbonic acid 1 Why ia the ounytioti 
•r equivalent, of carbonate of pouosh 70 1 
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of potash, 48, and two of carbonic acid, 44, and its number 
is therefore 92p 

Again, having in the memory the numbers representing 
carbonic acid, we can readily apply them to the composition 
of other compounds, with which this acid is united. Thus, 
the number for carbonate of soda^ is 54, and we know from 
its name (see Nomenclature,) that it contains only one pro- 
portion of carbonic acid. Now by recollecting the combin- 
ing proportion of sodium, we know, in a moment, the compo- 
sition of the carbonate of soda. The combining number for 
carbonic acid being 22, this substracted from 54, leaves 32, for 
the other combining proportion, and knoAving thai 24 is the 
number for sodium, and that soda is composed of sodium and 
oxygen, and that the combining number of oxygen is 8iL>ve 
ascertain the composition of the salt in question, viz. sodium 
24, oxygen 8,a;^32 soda; carbonic acid 22=54, carbonate of 
soda.") * 

By the same law of proportions, suppose it is required to 
find the composition of sulphate of soda. The con^position 
and number of soda being known, we have only to remember 
that the combining proportion of sulphur is 16, and that sul- 
phuric acid is composed of one proportion of sulphur and 3 of 
oxygen, and the composition of this salt and its number is 
ascertained./ Soda 32, sulphur 16; oxygen 3 proportions, 
24, 16=40 added to 32=72. \ Therefore' the number for sul- 
phate of soda is 72, and its composition^2 of soda and 40 of 
sulphuric acid^ 

Thus by the application of this law to the combining num- 
bers, or the equivalents of chemical bodies, a table of which 
may be found at the end of this work, the composition of most 
compounds may be readily ascertained. 

Method of ascertaining the proportional numbers of compounds. 

The combining numbers of all the elementary bodies, as 
already stated, represent the smallest proportions in which 
they are severally found in union with any other body. But 
it is obvious that all these numbers must have one common 
unit from which they are calculated, otherwise there would 
exist no proportions between them. For this purpose, hydro- 
Why is bi-rarbonate of potash rcpre?eiucd by r2 1 Why is carbonate of soda represent 
«U by 54 1 By the same law of proportion, show why the equivalent for sulphate of soila 
w 73 1 Wliat are the units or data from which the conibining numbers, or equivalents^ 
ore oOcttiAtedl 
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gen, as uniting in the lowest possible proportion, is employ 
ed. Thus, hydrogen unites with oxygen in one proportion, 
by weight to form water, and the weight of hydrogen being 
1, the vyeight of oxygen in water is 8, which is also the small- 
est proportion in which the latter body is found in union. 

These two elements having an extensive range of affinity, 
and therefore being found in combination with a great variety 
of other substances, are made the data, or points of compa- 
rison from which all the other numbers are calculated. 

Afterwards, other compounds were examined which con- 
tained the smallest proportions of these elements united to 
other substances. Among these it was found that the gas 
called carbonic oxide, contained the smallest combining pro- 
portion of carbon, united with the smallest proportion of oxy- 
gen, these proportions being as 6 to 8. And also, that the 
gas called sulphuretted hydrogen, contained the smallest pro 
portion of hydrogen united to the smallest of sulphur, these 
proportions being 1 of hydrogen and 16 of sulphur. 

Thus, the numbers for carbon and sulphur were found to 
be 6 for the former and 16 for the latter, the numbers for 
hydrogen and oxygen being 1 and 8." ' 

On examination of the different oxidesofironi it was found 
that the least proportion with which that metal combined 
with oxygen, was that of 28 of the former, and 8 of the latter.> 
The number for iron is therefore 28, and that of this oxide 
of iron 32. 

In this manner the proportional numbers of each compound 
has been ascertained, and from these, tables of chemical equi 
valents have been constructed. 

Wollastovls scale of Chemical Equivalents. 

Dr. Ure says, that this scale of chemical equivalents has 
contributed more to facilitate the general study and practice 
of chemistry than any other invention of man. The descrip- 
tion of this instrument was published by the inventor in 1814. 
It consists of a piece of mahogany board two or three inches 
wide, and of a length proportionate to the extent of the scale 
it contains, or of the size of the type in which it is printed. 
Running through the middle of the board there is a sliding 

Having the numbers for hydrogen and oxygen as data, how are the numbers for othei- 
bodies found ? What are the equivalent numbers for carbon and sulphur 1 Explain 
!iow the number for iron was found. Describe the construction of WoUaston's seals of 
chemical equivalents? 
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rule, containing the proportionate numbers of all the most 
common chemical compounds, and on each side of the rule - 
are printed the names of the compounds corresponding with 
these numbers. The divisions of this scale are laid out logo- 
metrically, after the manner of the common Gunter's scale, 
and consequently the ratios between the numbers are found, 
by the juxtaposition of the several lines, on the sliding and 
fixed parts, with the greatest accuracy, n 

The arrangement of this instrument is such, that the weight 
of any ingredient in a compound, or its definite proportion, and 
also the equivalents of the acids and alkalies, may be at once 
seen by merely moving the sliding part. 

On this scale, instead of taking hydrogen for unity. Dr. 
WoUaston has taken^^oxygen, which he calls lOf butif we 
slide down the middle rule so that 10 on it stands opposite 
to 10 hydrogen on the left hand, then every thing on the 
scale will be in accordance with Sir H. Davy's system of 
proportions, taking hydrogen for unity, and also in accord- 
ance with the theory of definite gaseous combination, by 
volume. 

The principle on which this instrument w^orks, may be 
learned in a few minutes : and after a little practice, it be- 
comes one of the most efficient and beautiful of labor-saving 
machines, to both the practical and theoretical chemist. 

Nothing but actual practice with the instrument, will con- 
vey to the mind of the learner a knowledge of its practical 
usefulness ; we will however give an example, by which the 
principle of its construction may perhaps be comprehended. 

We have already stated, that on this scale oxygen is the 
unit from which allthe other proportions are calculated, and 
that this element is marked 10. When therefore, 10 on the 
sliding rule is against this number, the weights of the other 
bodies are in due proportion to this number. Thus carbonic 
acid being 27.54, and lime 35.46, carbonate of lime being 
the sum of these numbers, is placed at 62. Then if the sli- 
ding rule be draAvn upwards, so that the number 100, on it, 
corresponds with carbonate of lime, the other numbers will 
correspond with carbonic acid and lime, and will show the 
proportions in which these ingredients unite to form 100 



What principle does i)r. Wollaston call unUy, and what is its number on the ecale at 
chemical equivalents 1 On what«vifieaoe is the truth of the doctrine of definite proper 
tione founded 1 

9 



98 ' ATOMS. 

parts of carbonate of lime. Thus, the number 56 corres- 
ponds with lime, while 44 corresponds with carbonic acid, 
these two numbers making 100. 

Theory of Atoms. That ch^ical bodies unite in definite 
proportions, by weight, and also by volume, and that where 
one body unites with another in more thin one proportion, 
the second is a multiple of the first, ^ are facts resting on the 
evidence of experiment alone.) These facts, in themselves 
so wonderful, and in their relation to science so important, 
excited the inquiry and speculations of many philosophic 
minds, as to their cause. Among these inquirers, (Mr. Dal- 
ton, of -Manchester, seems to have been the most successful, 
having proposed a theory which accounts, with few, if any 
exceptions, for all the phenomena observed, and which 
therefore explains satisfactorily, the reasons why bodies com- 
bine in such proportions.; As the basis of this theory, Mr. 
Daltonf^assumes that the union of bodies in their smallest pro- 
portions, always takes place between the atoms of which they 
are composed! that is, one atom of one body combines with 
one atom of Ae other body. (^Thus, water is formed by the 
combination of one atom or particle of oxygen combined 
with one particle or atom of hydrogen. ) xThis theory sup- 
poses also that the ultimate atoms of matter are indivisible ; 
that they are always of the same shape and size in the same 
body, and that their weights are different in the different 
bodies) VThus, the weight of an atom of oxygen is 8 times 
that of an atom of hydrogen, theSe being the proportions 
in which these gases form water.) But when bodies unite in 
several proportions, then it is 2 or 3 atoms of one, to one 
atom of the other. Thus, sulphurous acid is composed of 
2 atoms of oxygen united to 1 atom of sulphur/ and sul- 
phuric acid is composed of 1 atom of sulphur ana 3 atoms 
of oxygen, these being the relative weights of their elements.^ 
But as it is found that the lowest proportion in which sul- 
phur unites with any other body, is in the proportion of 16 by 



What is Baid of Mr. Dalton's theory of atoms 1 What does Mr. Dalton assume 
as the basis of his theory of atoms 1 On this theory what is water composed ofl 
What does this theory suppose, in respect to the divisibility, shape, and weight, of the 
atoms of bodies 1 Why is an atom of oxygen supposed to be eight times as heavy 
as one of hydrogen ? Why is an atom of sulphur supposed to be twice as heavy as 
dOb <^ oxygen 1 Why is it supposed that sulphurous acid contains 1 atom of sulphur 
united to two atoms of oxygen 1 That sulphuric acid is composed of 1 atom of sulphur 
aad 3 atoms of oxygen 1 Why is the equivalent numJber of oxygen 8 7 Why is that 
lor sulphur 16? 
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weight, hydrogen being 1, so it is assumed that a particle of sul- 
phur is sixteen times as heavy as one of hydrogen, and twice 
as heavy as one of oxygen. CAnd as in sulphurous acid the 
weight 01 oxygen is found to be exactly double that in water, 
it is reasonable to suppose that sulphurous acid consists of 1 
atom of sulphur united to 2 atoms of oxygeiA and for the 
same reason, Isince sulphuric acid contains three times 
the weight of oxygen that water does, that this acid is com- 
posed of 1 atom of sulphur and 3 atoms of oxygen. \ 

All this, whether true or false, explains in the mosA satisfac- 
tory manner, why bodies combine with each other in definite 
propoitions, and why these proportions are expressed by the 
numbers attached to each. Thus, hydrogen is unity, or the 
prime equivalent, and is expressed by I, because by weight 
this gas is found to form water by uniting with 8 parts of oxy- 
gen. ;Pxygen is expressed by 8, because its proportion in 
water weighs eight time as much as the hydrogen. ) CThe 
number for sulphur is 16, because this is the smallest propor- 
tion in which it unites with any substance^ and the number 
for the oxygen in sulphurous acid is 16, because in this acid 
the sulphur and oxygen are of equal weights, and therefore 
just twice the weight of the oxygen in water ^and the num- 
ber for the oxygen in sulphuric acid is 24, because its weight 
is three times that in water.^ 

Now by supposing that one atom of oxygen is 8 times as 
heavy as one of hydrogen, and that an atom of sulphur is 
twice as heavy as one of oxygen, or 16j times as heavy as 
one of hydrogen, the whole mystery of the law of definite 
proportions is reduced to simple arithmetical calculation, for 
^he proportional numbers are in fact nothing more than the 
relative weights of the atoms of which the several bodies are 
composed^ 

In respect to the truth or falsity of this theory, it is obvi- 
ously without the bounds of demonstration, for we never can 
ascertain whether the proportions on which it is founded are 
the smallest in which bodies combine, nor whether, if so, they 
combine atom to atom, as is supposed, cBut whether it be 
true or false, it does not in the least affect the truth of the 
law of definite proportions, which, as already stated, is found- 
ed on experiment alone-' and is therefore purely an expression 

Wh J is ths number of oxygen in sulphuric acid 24 1 What is said of the proportionate 
avmbers in relation to the weights of the atoms of bodies 1 WIuU is said in respect to 
lh« truth of this theory 1 
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of facts. The atomic theory, however, must always he con- 
sidered a» elegant and probable hypothesis, and while it dis- 
plays uncommon ingenuity, and great chemical research, has 
the advantage of agreeing, in general, perfectly with the facts 
obtained by analysis. 

Chemical Apparatiis. 

Before proceeding to treat of ponderable bodies, and the 
description of particular agents, it is proposed to describe 
some of the most common, and necessary utensils, used in the 
manipulations of chemistry.. 
Fig. 29. 

^^^-^■"^^ A crucible. Fig. 29, is a deep conical cup, of a tri- 

W__^^^ angular shape at the top, and round at the bottom. 

\ / Crucibles are made of this shape for the conve- 

\ / nience of pouring out their fluid contents at either an- 

\ / gle. Theyaremadeofclay and sand baked hard, and 

V — I will withstand very high degrees of heat without 
melting, but are liable, to crack when suddenly cooled. They 
are chiefly manufactured at Hesse, ki Germany, and hence 
are called Hessian crucibles. 

Fig. 30. A melting pot. Fig. 30. These pots are made ol 
various sizes and materials. Those used in glass- 
houses are made of clay, and are of large size. 
Chemists employ those made of silver or platina, 
as well as of black lead, but of small dimensions^ 
Metallic crucibles are used for particular purposes,, 
when the substance to be experimented on would 
destroy the common crucible, in consequence of its 
corrosive quality. 

A matrass. Fig. 31, is a glass vessel, in the shape 

of an egg, with a long neck. It is employed in ef- 

j I fecting the solution of such substances as require 

/ V heat, and long continued digestion, for that purpose^ 

. / \ When used, they are commonly placed in a sajkd 

( \bath, that is, in sand moderately heated. 

VtHiether it is true or false, does it in the least afTect the truth of the doctrine o^ ie- 
/inite and multiple proportions 1 What is a crucible, and for what purpoee is it v*«4 1 
Of what are crucibles made 1 How do melting pots differ from crucibles 1 Of wha^ <M:b- 
suinces are melting pots made 1 Of what arc matrasses made 1 For what purpoM «« 
these vessels used \ 
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Fig. 32. 



r^>=^*^^: 



A retort and receiver is repre- 
sented at Fig. 32. V^ Retorts, a, 
are eg^ shaped vessels, with 
the neck turned on one side.") 
V J V ^ These vessels are of various 

^^g^^ ^^^^^^ capacities, from a gill to a bar- 

rel, or more. i IThey are made of glass, metal, or earthen 
ware, hut most commonly of glass.'^ No vessel is so much 
used in experimental chemistry as the retort, ^n the process 
of distillation, in collecting the gases, in concentrating the 
acids, and in a great variety of other operations, this vessel 
is universally employed,^ 

Srhe receiver, h, is a necessary appendage to the retort, and 
estined to receive whatever comes over from it, during 
the process of distillation."^ For common purposes, these ves- 
sels are made of glass, but in the manufacture of various 
articles they are made of wood or metal.^ 

Fig. 33. . Fig. 33, represents a tuhdated 

retort. ^^It differs from the plain 
retort, figured above, in having a 
—-^ tubulure, or opening, as seen in 
the figure, to which is fitted a glass 
ground stopper. > (This opening 
saves the trouble of detaching the 
retort from the receiver when any 
additions are to be made to its contents, after they are con- 
nected, as in Fig. 32. It is also necessary for the introduc- 
tion of a safety tube, a part of this apparatus, absolutely 
necessary in some processes, and which will be described in 
another place.x 

'"' ~ '^^ ^The alembic. Fig. 34, is used for the distil- 

lation or svMimation of solid, volatile substan- 
ces.^ %t consists of two parts,) the head o^ 
which is ground on, so as to be perfectly 
tight, and the body b, which is set into a sand 
bath, when in use. The product of sublima- 
L tion rises into the head, where it is condens- 
] ed, and then runs down the spout into a re- 
/ ceiver. 



What is a retort 1 How large are retorts? Of what are retorts made 1 What are the 
uses of retorts 1 What is a receiver, and what is its use ? Of what are receivers made 1 
Row does a tubulated, differ from a plain retort ? What is the use of the tabulore, or 
opening, in this retort 1 Whatisanalembi«r Whatistheuseof thealambicl 
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Fig, 35. Evaparating dish, Fig. 35. Every chemi 

cal apparatus must have among its utensilt 

f shallow dishes for evaporating fluids. The 

best are made of Wedgewood's ware, and come 

packed in nests containing several sizes each. 

The heat is applied by means of heated sand or ashes, and 

(^hese vessels are used to evaporate solutions of salts, in order 

to obtain crystals, and for various other purposes.'^ 

Fig. 36. Fig. 36jLa Florence flasJ^ furnished with a 

^^^ tube, to* be used instead of a retort. Students 

-^""i^ W will save considerable expense, by employing 

/ \ these flasks in the room of retorts. The 

/ y cork is pierced with a burning iron, and 

/ \ through the aperture is passed a tube of glass 

[ j or lead, bent as in the figure. In obtaining 

\ J oxygen, by means of oxide of manganese and 

\ m- sulphuric acid, and for many other purposes, 

* this arrangement will serve instead of the best retort, while, 

if broken, the expense is only a few cents. 

Fig. 27, The common blow pipe, Fig. 37,^is a little instru- 

n ment by means of which the most violent heat of a 

furnace may be produced. ) {It is a pipe of brass, 

about the third of an inch in diameter at the largest 

end, and thence tapering, gradually, to a point, and 

bent, as in the figure.^ 

\ To use it, place the curved end in the flame of a 
lamp, or candle, and apply the lips to the other end, 
then blow gently and steadily, giving the jet of flame 
a horizontal direction, i To keep up a constant stream 
of air for a length of time, the inspiration must be 
made by the nostrils, while the cheeks are used as 
bellows. The art of doing this is soon learned by practice. 
The small fragments of ore, or other substance, on which the 
flame is thrawn, must be laid on a piece of charcoal, v/hich 
is held by small foreceps. When a very intense heat is re- 
quired, and the fragment is so light «is to be blown away by 
the air, it may be confined by making a small cavity in the 
charcoal support, into which the substance is put, and another 
piece of charcoal is placed partly over this. 



Of how many parts does the alembic consist? For what purpoees are evaporation 
dishes employed 1 Whai does Fig 36 represent? What are the advaniuges of umng 
Florence flasks instead of retorts ? What is the common blow pipe 7 What is the um 
«f this instrumem 1 Describe the mode of using it. 
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Rg. 38. [Gahn^s Blotopipe, Fig. 38, is a much more con- 
venient form than the common one above descri- 
bed.^n the common form, the flame is sometimes 
nearly extinguished, and the process slopped, by 
the condensed moisture from the breath. In 
Gahn's instrument this is prevented by the cham- 
ber a, which retains the condensed moisture, and 
which may be taken off from the main pipe for its 
removal.) The tip of the small pipe through 
which the air passes to the flame, fits to a socket, 
so that those of different sized orifices can be used. 
The dropping tube. Fig. 39,(is a small glass 
tube, blown into a ball in the middle, and ending 
with a fine orifice at the lower end^^^t is filled by 
dipping the small end into the fluid, and exhaust- 
pi ing the air by sucking at the upper end with the 
.< ] I mouth. The thumb is then placed on the upper 
LI end, which keeps the liquid from running out. On 
Pig. 39. raising the thumb, the contents will descend in drops, 
but is instantly restrained on replacing it.) 

^his little instrument is highly useful for various 
purposes, and particularly when it is required to intro- 
duce one fluid under another, as w^ater under alcohol, 
or sulphuric acid under water J 

VThe simple arrangement. Fig. 40, is designed to col- 
lect and retain for the purpose of temporary examina- 
tion, such gases as are lighter than the atmosphere, 
40. and at the same time are absorbable by water.; 
-^ These gases, for more thorough examination, re- 
quire the aid of a mercurial bath, but most of their 
properties may be examined by the apparatus re- 
presented by the figTire. 

The flask a, is to contain the materials for extri- 
cating the gas, and into the mouth of this, there is 
inserted a tube a foot or more long. The tall bell 
glass b, or a large tube closed at the upper end, is 
inverted over this tube, as seen in the figure. 

As an example of the use of this apparatus, sup- 
pose we desire to make some experiments on am- 
monia^ a gas which is rapidly absorbed by water, 
and specifically lighter than atmospheric air. The 
materials for separating this gas are muriate of am 



How does Gahn'B blowpipe differ fVom the common one 1 What are the peculiar ad 
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mania, called also sal ammoniac, and slacked quick-lime. 
These being separately reduced to powder, equal parts are 
then mixed, and introduced into the flask a, and the tube put 
into its place. On application of a gentle heat, the gas will 
be set free in consequence of the combination which takes 
place between the lime and the muriatic acid of the muriate of 
ammonia. The ammonia is thus set at liberty, and being 
lighter than the air, ascends and gradually displaces the air 
from the vessel b, and takes its place. This experiment affords 
an instance of the chemical action of two solids on each other. 
Fig. 41. Fig. 41 is designed as a 

^ , ^ g. J J ^ /simple illustration of a 

^^as apparatus.^The me- 
thod of making experi- 
ments with the perma- 
nently elastic fluids, such 
as common air, and the 
gases, and of transferring 
them from one vessel to 
another, though sufiicient- 
ly simple, requires some directions for the beginner. ^ The 
gases are none of them sufficiently dense, to be retained in 
vessels open to the air for any considerable time; and some 
of them being lighter than the atmosphere, instantly ascend, 
and are lost, when the vessels containing them are opened. 
All the gases, therefore, when open to the air, mix with it more 
or less rapidly,, according to their densities, and thus escape 
us entirely, being diffused in the atmosphere. *) Hence, to re- 
tain a gas in a state of purity, it must be kept from contact 
with the atmosphere, and hence also the necessity of first fill- 
ing the vessel w^ith a fluid instead of air, before the gas is in- 
troduced, and of transferring it under a fluid from one vessel 
to another. 

The figure represents a wooden vessel or tub, a, v/ith a 
shelf A;, k, fixed a few inches from the brim. When the ap- 
paratus is to be used, the tub is to be filled with water, 




rantages of this blowpipe 7 Describe the construction of Gahn's blowpipe. What ia the 
Bhape of the dropping tube! What is the use of this instrument ? Describe the manner 
of using the dropping tube. For what purposes is the dropping tube useful 1 What k 
the use of the apparatus represented by Fig. 40 1 Describe Fig. 40, and explain an ex- 
ample of its use. Ifow may ammonia be obtained and examined by means of this appa* 
ratus 1 What-is represented by Fig. 411 Why cannot the gas be poured from one ves- 
ml to another, and be retained in an open reaaeV like water 1 
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80 as to rise a few inches above the shelf. Now when a 
glass jar, or any other vessel, open only at one end, is filled 
with water, by being plunged into the fluid, it will retain its 
contents when raised above the fluid, provided its mouth be 
kept under it \C for the water is sustained in the vessel by the 
pressure of the atmospherej on the same principle that the 
mercury is sustained m the oarometer tube. (See Barometer 
in Natural Philosophy.) The vessels b, g; f, represent jars 
filled with water, and inverted on the shelf, their necks pass- 
ing through an aperture in it, so as to preserve their uprigh. 
positions. The vessels e, c, and 7, are retorts, with their 
necks inserted into the mouths of the inverted jars. 

Now when common air, or any gas, is introduced into the 
mouth of a vessel so inverted, the air will rise to the upper 
part of the vessel, and will displace the water, and occupy its 
place, (if a tumbler, or cup, in the state which we usually 
call empty, but which is really full of air, be plunged into 
water with its mouth downwards, very little water will enter 
it, because the admission of the fluid is opposed by the in- 
cluded air^ but if the mouth of the vessel be turned upwards, 
it immediately fills with water, while the air is displaced, and 
rises to the surface of ihe fluid in one or more bubbles. 
Suppose this is done under the mouth of a jar filled with wa- 
ter, the air will ascend as before, but instead of escaping, it 
will be detained in the upper part of the jar. In this man- 
ner, therefore, air may be transferred from one vessel into 
another, by an inverted pouring, and the first portions, in- 
stead of occupying the bottom of the vessels, like water, as- 
cend to the top, the air, instead of running from a higher 
to a lower vessel, rising from the lower to the higher ona 
(This is owing to the pressure of the water on the air, or to 
the lightness of air when compardd with water.") For the 
same reason, lead being lighter than quicksilver, if a bullet 
of the former be sunk in a vessel of the latter, it will rise to 
the surface./ On this principle balloons ascend ; the hydrogen 
with, which they are charged being 13 times lighter than the 



Explain the reason why a vessel filled with water may be raised above the fluid, pro< 
Tided its mouth be kept under it. When a tumbler is forced into the water with its 
mouth downwards, why does not the fluid rise in it? When air is introduced under a 
vessel, inverted and filled with water, why does it rise to the highest port of the veasel 
How does the nse of a balloon illustrate this principle % 
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Fig. 42. 




jitmosphere, the former is forced upwards by the pressure of 
thelatter. 7 

A hell glass receiver^ Fig. 42,^18 employed in 
malcing experiments on air, or the gases.^ It is 
a glass vessel, of the shape represented 'in the 
figure, and of various sizes, from the capacity of 
a pint to that of several gallons. The knob at 
the upper part, is the handle by which it is 
moved, {it is used for the temporary confine- 
ment of elastic fluids, on which experiments are 
to be made. ) Large tumblers are good substi- 
tutes for bell glasses. 

A larrfp furnace. Fig. 43, is one of 
the most indispensable articles in a 
chemical apparatus. \It consists of a 
rod of brass, or iron, about half an 
inch in diameter, and three or four 
feet long, screwed to a foot of the 
same metal, or to a heavy piece of 
wood. On this rod, slide three or 
four metallic sockets, into which are 
I screwed straight arms terminated 
with brass or iron rings of different 
diameters. The screws cut on the 
ends of the arms where they enter 
. the sockets are all of the same size, 
so that the rings may be changed 
from one socket to another, as con- 
venience requires. ) These rings are 
for the support of retorts, receivers, 
evaporating dishes, A-c.^ as repre- 
tented in the figure, and may be 
moved up, or down, or turned aside, 
and then fixed in their places, by 
means of thumb screws passing through the sockets and act- 
ing on the rod. The lamp by which the heat is given for dis- 
tillation, or other purposes, is also fixed with a thumb screw, 
so that the heat can be regulated by moving it up or down. 
Specific Gravity. ^The specific gravity of a body is its re- 




CS) 



What does Fig. 42 represent ? What is the use of the bell glass receiver 1 Describe 
the lamp furnace, Fig. 43. What are the uses of the rings on the ends of the arms 1 
NVhat are the uses of the thumb screws with which the sockets and lamp are furnishod 7 
What is the specific gravity of a body ? 
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lative weight when compared with the same bulk of another 
body.^ For solids and liquids,|^waterlis the substance to which 
the weight of* other bodies are compared; and for elastic 
fluids,^the atmosphere)is the standard of comparison. 

When a body weighs twice as much as the same bulk of 
waterJLit is said to have the specific gravity of 2 1 and if it 
weighs three, four, or five times as much as the same bulk of 
water, it has the specific gravity of 3, 4, or 5. (Wate^ there- 
fore, is the unit, or standard of comparison, and has in this 
respect the specific gravity of 1. 

When a body is weighed in water, its weight will be di- 
minished by exactly the weight of a quantity of water equal 
to its own bulk, and thus the difference between its weight 
in air and in water being known, its specific gravity is readily 
found. 

The most simple mode of taking the specific gra 
vity of a solid, is by means ofQNicholso'nJs Portable 
Bala7ice>^ieipTesenied by Fig. 44. i The body is a hol- 
low cylinder of tinned iron, terminated at each end 
by a cone. From the vertex of the upper cone rises 
the small stem a, of copper or brass, bearing a small 
tin cup. This cup slips on, and may be removed 
when the instrument is not in use. From the point of 
the lower cone is suspended the tin cup e, at the bot- 
tom of which is attached a cone of lead so heavy as 
to sink the whole instrument in water nearly to the 
base of the upper cone.; /Before this balance is used, 
it is placed in a vessel oi water, and the upper cup 
loaded with weights until it sinks so far that a mark 
on the stem at ^, coincides exactly with the surface of 
the water. )Crhe weights so added are called the balance 
weights^SLTia their amount may be marked on the cup as a 
given quantity for future use : suppose this is 900 grains. 

The specific gravity of a solid may then.be taken as.fo^ 
lows. vFirst place it in the upper cup, and add weights until 
the mark on the stem coincides with the water ; suppose this* 



With what substance are solids and liquids compared to find their specific gravities 1 
What is (he standard of comparison for elastic fluids 1 JIKippose a body weighs twice as 
much as the same bulk of water, what is its specific gravity 1 What does Fig. 44 repre- 
sent % Describe this balance. What preparati on is necessary before the balance is used " 
What are the balance weights'? After the balance weight is known, how will you pro- 
t«ed to find the specific gravity of a body 7 
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to be 400 grains ; subtract this from the balance weight, and 
We have 500 grains for its weight in air. Then remove the 
subject of experiment to the lower cup, and the stem will 
rise above the mark, because it weighs less in water than in 
air ; weights must therefore be placed in the upper cup until 
the mark again coincides with the surface of the water; sup- 
pose this to be 100 grains, which will be exactly the weight 
of the water displaced by the mineral or other solid. The 
specific gravity is now foimd by a very simple rule, namely, 
(' Divide the weight in air by the loss in water, and the quotient 
will be the specific gravity. \ 

In the present instance, we have 500 grains for the weight 
m air, and 100 for the loss in water; therefore 100 : : 500= 
5, the specific gravity. 

The most simple method of taking the specific gravity of 
liquids, is\by means of a graduated bottle holding 1000 grains 
of water, which is taken as the unit or standard for other 
liquids^ 

Fig. 45. Take a small bottle with a long narrow neck, as 
represented by Fig. 45, and having weighed it accu- 
rately, introduce into it exactly 1000 grains of pure 
water, and m«irk the level of the water with a file on 
the neck of the bottle. The bottle thus prepared will 
serve to ascertain the specific gravity of any fluid, for 

since water is the standard by which the comparative 
weights of all other fluids are known, the same bulk 
of any other fluid, weighed at the same temperature, 
will be its specific gravity. 

Thus, suppose that when the bottle is filled with sulphu- 
ric acid up to the mark at which the water weighed 1000 
grains, it should be found to weigh 1800 grains; then the 
specific gravity of the acid would be 1800, water being 
1000. If filled to the same mark with alcohol it might weigh 
800 grains. The specific gravity of alcohol would therefore 
be 800, water being 1000. But as it is understood that 
water is the standard of comparison, the specific gravities of 
bodies are expressed merely by the numbers signifying 
their relation to this standard. Thus the specific gravity of 

AAer finding the weight of a body in air, and its weight in water, what is the 
role for finding ite specific gravity 1 Wtatt are the moat simple means of finding the 
•pecific grayity of a liquid? How does a bottle filled with 1000 grains of water, become 
Iho standard for other liquids 7 flviipnse a given bulk of Irater weighs 1000 grains, and 
the same bulk of another fluid IGOO grains^ what would be the specific gravity of the 



CHEMICAL APPARATUS. 109 

lead is 11, that is, it is U times as heavy as water, bulk for 
bulk; while the speciik gravity of ether is 750, that is, a 
given bulk of ether will weigh 750 grains, ounces, or pounds, 
while the same bulk of water weighs 1000 grains, ounces, or 
pounds. {See spec. grav. in Nat. Philosophy.) 

To determine accurately the specific gravity of the gases, 
is an operation of great delicacy, and requires not only very 
nice apparatus, but much experience. The method by whicn 
it is done is, however, easily explained, and will be readily 
understood. 

We have already said that atmospheric air is the standard 
of comparison for the gases. In the first place, therefore, it 
is necessary to ascertain the weight of a given volume of air. 
This is done by weighing very accurately, a light glass ves- 
sel furnished with a good stop-cock, when full of air, or in 
its ordinary state. Then having withdrawn the air, by 
means of an air pump, and closed the slop-cock, the vessel 
is again weighed, and the difference will show the weight of 
air which the vessel contained. On making this experiment, 
it is found that 100 cubic inches of air weigh 30.5 grains, and 
by the same method, the weight of a given portion of any 
elastic fluid may be ascertained. In all these experiments, 
it is understood that the thermometer stands at 60° and the 
barometer at 30°. 



Fig. 46, 




Suppose, then, that the glass globe a. Fig. 46, 
is of sufficient capacity to contain 100 cubic 
inches of air weighing 30.5«grains,.and it is found 
on filling it with oxygen tnat the same quantity 
of this gas weighs 34 grains. Then to find the 
specific gravity of the latter gas we say, ''as the 
weight of the air is to that of the oocygen^ so is 
unity, or the specific gravity of the atmosphere 
to the specific gravity of oxygen." Thus, 30.5 . 
34 :: 1=1.1147. gives 1.1147 for the specific 
gravity of oxygen gas. 

But since it is inconvenient in practice to ex- 
periment on just 100 cubic inches of gas, the 
graduated vessel by has been invented, to show 
2^ at once what quantity of gas in cubic inches is 
weighed in the globe a. 

The globe being first exhausted of air, and its 
stop-cock closed, is then connected with the re- 
ceiver b, containing the gas, and both cocks 



Bow ifl the specific gnvity of a gas ascertained 1 
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being opened, the gas passes from the receiver to the globe. 
The receiver being open at the bottom, and set over water, 
or mercury, the rise of the fluid will show the quantity of gas 
which passes into the globe, and on weighing the globe both 
before and after connecting it with the receiver, the difller 
ence wiU show the weight of the air thus transferred 

Nomenclature. 

The nomejiclature of Chemistry, now universally employ- 
ed, was inventedn)y the French chemists about 1784.^ {Be- 
fore that period, the names of chemical substances were en- 
tirely arbitrary, that is, each substance had an independent 
name, the signification of which had nothing to do with its 
composition, or often gave an erroneous idea concerning itj 
^Thus, solution of muriate of lime was called liquid shell, and 
afterwards oil of lime. Liquid ammonia was called bone 
spirit, and sulphuric acid was called oil of vitriol, j It is 
true, at that time the substances known to chemists were few 
in number, when compared with the immense list of the 
present day. But even then, their number was such as to 
make it difficult for the memory to retain them, and at the 
same time to remember their origin or composition, when 
this was known. At present, were the substances mentioned 
in any chemical book merely designated by arbitrary names, 
or names inexpressive of their composition, the student would 
necessarily spent more time in learning and remembering 
them, than is now required to obtain a knowledge of the 
whole science of Chemistry.; (The general diffusion of 
chemical knowledge, therefore, is in a great measure owing 
to the present nomenclature, — ^its perfect simplicity, its co- 
piousness of meaning, and the ease with which it is learned 
and retained. ^: 

Each term in this nomenclatureC. designates the composi- 
tion of the compound substance to which it is applied j and 
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as the simple jsubstances are comparatiyely few, the compo- 
sition of most chemical substances are known only by these 
nari^s. 

KFhh names of the acids are derived from those of theif 
bases, that is, from the names of the substances to which 
oxvgen unites in such proportions as to form acids. , Thus, 
1^ sulphur is the base of sulphuric acid, and^^carbori is the base 
of carbonic acid.) Some of these bases unite with several 
proportions of oxygen, and form acids of different degrees 
of strength. These proportions are designated by the £ffer- 
eat terminations of the name of the acid,^ the smaller pro- 
portion being signified by ous ^nd [the larger by ic.\ Thus, 
sulphur<W65 and sulphuric, and nitrous and nitric acids, mean 
that these acids contain single and double proportions of oxy- 
gen. TheC«aZis,)that is, the compounds which the acioff 
form with alkalies, earths, and metallic oxides, also indicate 
by their names the substances they contain. * Thus, the salts 
ending in ite consist of a base, united to an acid ending in 
4nis ;J and a salt ending in ate contains an acid ending in ie. 
Sulphide and phosphide of potash are formed of potash and 
sulphuroi^s and pbosphorem^ acids, while sulphate and p.ho»v 
ph^^^e of potash denote compounds of sulphuric and phos- 
phoric acids, united to the same base. f/The names of all 
the salts, of which there are nearly 2000, denote their com- 
position in the same manner, and thus we know the ingredi-- 
ents of their compositions by merely seeing their names. 
(The termination uret denotes the union of simple non-metal- 
lic bodies with a metal, a metallic oxide, or with each other.. 
Thus, sxilphuret and ca-ihuret of iron^ indicate a combination 
between sulphur or carbon with iron. \^As oxygen combines 
with several of the metals in different proportions, but not al- 
ways sufficient in quantity to form acids, the compounds so 
formed, though derived from the same metal, differ from each 
other^ These compounds are called oxides, and are distin- 
guished from each other by the Greek derivatives, prot, detU^ 
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iritt and per. (Protoxide signifies the first degree of oxida- 
tion\deutoslde, the second; ^ri^oxide, the third; and^^roxide, 
the highes^ (In some of the salts, it was formerly supposed 
that the acid prevailed, or that more acid was present than 
necessary to saturate the alkali, and in others that the alkali 
prevailed The first of these were called supers&lts^ and 
the second subsslts^i^hile those in which the acid and alkali 
were in due proportion, were called neutral salts.* These 
names are now regulated hy the atomic constitution of the 
salt. I If it is a compound of one atom of aoid and one of al- 
kali,She generic name is employed, as carbonate of potash. 
But if two or more atoms of the acid be combined with the 
same base, a numeral is prefixed to indicate its composition 
in this respect. Thus, when the acid is in two proportions, 
or there are two atoms of acid to one of potash, it is called 
^i-carbonate of potash. i The three salts of oxalic acid and 
potash are called the oxalate, ^inoxalate, and ^t^o^roxalate of 
potash, the first consisting of one atom of each, the second 
of two atoms of acid to one of potash, and the third of four 
atoms of acid to one of potash. 



PART II. 

PONDERi^BLE BODIES. 



Explanations. * A ponderable body, is one which has ap 
preciable weight. • 

A simple body, is one which has not been decomposed. - 
These are also called elements, or elementary bodies. 

It is possible that all the substances now called elementary, 
may still be in reality compounds, for our knowledge on this 
subject is entirely negative, that is, all bodies which the an 
of chemistry has been unable to separate into parts, or to de- 
compose, are called simple, in order to distinguish them from 
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known compounds. Before the refinements of chemical 
analysis were known, it was believed that nature afforded 
Cpnly four elements, y\z. fire, air, earth, and wa^er.r Analysis 
has however shown, that fire, or heat, is the result of chemi- 
cal union ; that air is a compound of nitrogen and oxygen ; 
that there are many earths, and that water is composed of 
hydrogen and oxygen^ 

The^ number of simple bodies now enumerated amount to 
(about fifty, or perhaps fifty-two.^ They consist of about 40 
metals, three, or^«perhaps four supporters of combustion, viz. 
oxygen, chlorine, and iodine, and probably also bromine, and 
seven non-metallic combustibles, viy. phosphorus, carbon, 
hydrogen, sulphur, boron, selenium, and nitroffen.- 

IDnly a few years since, potash, soda, and several other 
substances, now found to be compounds, were supposed to be 
elementary bodies ; and it is highly probable, that many sub- 
stances, now arranged as simple, will soon be found to be 
compounds. ) 

Before proceeding to describe the properties of the gases, 
it might be thought necessary to detail more particularly than 
has been done, the modes of confining and transferring them 
from one vessel to another. But it is thought that such di- 
rections are better understood by the student, and much more 
readily followed when given in connexion with the particu- 
lar subjects or cases, to which they immediately apply. The 
method, for instance, of transferring the nitrous oxide from 
the retort to the gasometer, and from the gasometer to the 
gas bag, will be best understood if given in connexion with 
an account of the properties of the gas, or immediately after 
it The same, it is thought, may be said of confining and 
transferring the other gases. As several diflTerent methods 
are required, depending on the nature of the gas, its absorp- 
tion by water, its specific gravity, and other properties, these 
different modes can be best explained and understood in im- 
mediate connexion with the description of the peculiar pro- 
perties of each gas. 

Ai the doctrine of definite proportions is not only highly 
interesting as a subject. of philosophy, but is also intimately 
connected with chemistry, both as a science, and a practical 
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ar^we shall attach to the name of each substance at the head 
ol sections, its equivalent number, so that the reader may at 
once observe its combining proportion^ And it is earnestly 
recommended to the pupil, that he should not only regard 
this subject as one of great importance in a scientific relation, 
but also, when viewed in a different light, as one that tends 
directly to impress the mind with the most serious conviction, 
that nothing in nature has been left to chance, but that the 
Almighty Creator has left a witness of himself, even in the 
proportions, and arrangement of the atoms of matter.^ No- 
thing, perhaps, even the sublimest works of nature, are more 
calculated to elicit the wonder and astonishment of a reflect- 
ing mind, than the fact that substances combine with each 
owr in exact, and definite quantities, and that these quanti« 
tie© or proportions, are the same in relation to the same sub- 
stance throughout the world, and have been so ever since the 
creation. /This discovery may be considered as a new proof, 
directed expressly to the present age, that the most minute 
works of what we call nature, do indeed bear the most indu- 
bitable marks of divine agencv and dfesignj 

But while the discovery itself is an evidence of the profound 
philosophy of the present age, the developement of its prin- 
ciples, by the constant accession of new ideas, is calculated 
rather to humble the pride of human knowledge, by as con- 
stant a conviction, that 'after all our acquirements, we know 
comparatively nothing of the laws and operations of nature. ") 
^he very fact, that the laws of proportions, now comparatively 
juSt known to man, have existed ever since the creation of 
matter, and have been in perpetual exercise all over the uni- 
verse, without a suspicion of their existence, is of itself a suf- 
ficient proof of the almost entire ignorance of man even of the 
p]]ienomena of nature, and a still stronger proof of his igno- 
rance of her lawsrryAnd if facts, in themselves so simple, yel 
so wonderful, and when once known, so obvious, have esca- 
ped the observation of man for thousands of years,^ it not 
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probable tliat pBenomena are constantly going on before our 
eyes, which, could we understand them, would astonish us 
still more, and at the same time afford a still stronger convic- 
tion of our ignorance, and want of penetration ?. 

These considerations, while they are calculated to humble 
the pride of human intellect, by showing how little we know 
of the laws which govern even the ordinary operations of 
nature, ought, by the conviction of ignorance, to prove an in- 
centive to constant observation on natural phenomena, that, 
if possible, we might arrive at the knowledge of their true 
causes. 

INORGANIC CHEMISTRY. 

NON-METALLIC SUBSTANCES. 

Oxygen — 8. 

The name oxygen is derived from two Greek words, and 
< signifies the former, or generator of acids.'^ec^use it enters 
into the composition of most acid substances, and was for- . 
merly considered the universal and only acidifying principle 
in nature. 

It was discovered by Dr. Priestley in 1774,/and named by 
him dephlogisticated air. Its specific gravity is 1. 11, air 
being I. It is a non-conductor of electricity, like common 
air. Its electrical state is always negative, and when sud- 
denly and forcibly compressed, as in the fire-pump, already 
described, it emits light and heat. 

Oxygen may be obtained from many substances. The 
peroxides of lead, or manganese, and the nitrate and chlorate 
of potash, all yield it in abundance, when merely exposed to 
a dull red heat, ^j 

The cheapest and most convenient substance for this pur- 
pose is black, or peroxide of manganese, in the state of fine 
powder. • This, when heated in an iron bottle or gun-bar- 
rel, will yield upwards of J 20 cubic inches of the gas to an 
ounce of the oxide. For small experiments, a gun-barrel 
may be used: but where considerable quantities are wanted, 
a wrought iron bottle,, with a neck 18 inches long, is the best 
instrument. 
« 

3i)V!uit does the tenh oxygen signify? Who'diacovered this gas 1 WTiat is tlie specific 
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Fig. 47. The shape is represented at Fig. 47, with the addi- 

Ition of a piece of gun-barrel, fitted to the mouth of 
the bottle by grinding. A tube, leading from the 
gun-barrel to the gas holder, conveys away the oxy- 
gen as it is extricated from the manganese. In the 
absence of such a bottle, oxygen may be convenient- 
ly obtained by mixing, in a proper vessel, one part of 
sulphuric acid, and two parts of the oxide of manga- 
nese, and applying the heat of a lamp. The cheap- 
est and most convenient vessels for this purpose are 
Florence flasks, fitted with corks and tubes, as rep- 
i resented by Fig. 36. This, and the lamp furnace, 
■ Fig. 43, together with an inverted vessel filled with 
water, constitute the apparatus necessary for the extrication 
and confinement of oxygen. 

With respect to the theory of these processes, it is neces- 
sary to state, that there are three oxides of manganese, each 
of course containing different proportions of oxygen. These 
oxides are thus constituted, the combining proportion of man- 
ganese being 28, and that of oxygen 8. 

Protoxide manganese, 28, added to oxygen, 8=36 
Deutoxide 28, " " 12=40 

Peroxide 28, " " 16=44 

When the peroxide is exposed to a red heat, it parts with 
C half a proportion of oxygen, that is, 4 parts,'»the number for 
oxygen being 8, and is thereforeCreduced to a deutoxidep 
whose number, it will be observed, is 40. The number for 
the peroxide being 44, and the loss by a red heat being 4, we 
obtain 4 grains of oxygen for every 44 grains of the oxide, 
whigh in bulk is nearly 12 cubic inches, making about 128 
cubic inches for each ounce of the oxide. 

When oxygen is obtained by means of sulphuric acid, the 
theoretical expression is different, c In this case the peroxide 
loses a whole proportion of oxygen,^and is thus converted 
mto a(protoxide,'. which then combines with the acid, forming 



What apparatus is neceoary for obtaining this gas from manganese by means of Ba)> 
pburic acid 1 How many oxides of manganese are there, and what are the proportioai 
of oxygen in each 1 What proportion of oxygen does the peroxide parywlth at a rsA 
heati To what oxide is the peroxide reduced by parting with a portiod^^^ygenl 
What does deutoxide mean 1 Explain the chemical ctaungos which takeplVwheik Qm 
•xygen is obtained by means of sulphuric add. 



OXYGEN. 1 17 

a sulphate of manganese, which remains in the retort. By 
this process, therefore, the peroxide yields 8 grains of oxy- 
gen to every 44 grains employed ; but in practice it is found 
that the first method is the best and cheapest. 

\Jt will be observed, that the weight of oxygen for the deut- 
oxide, expressed above, is only 12, being a proportion and a 
half, instead of 2 proportions of that element. ) The oxides of 
lead and iron anord examples of precisely the same kind. 
These facts were at first supposed to afford exceptions to the 
law of definite proportions, or rather to the atomic theory by 
which the cause of definite quantities is explained. But it 
will be remembered, as already stated, that the smallest pro-, 
portions in which bodies have been found to combine by 
weight, are those by which they are represented in numbers. 
Now the smallest proportion in which oxygen ^as hitherto 
been known to combine, is in water, this proportion being as 
8 to 1. The number, therefore, for oxygen is 8. But if it 
should be hereafter found, in the course of analysis, that oxy- 
gen unites in half this proportion, in any instance, then this 
apparent anomaly will be completely explained, for then its 
union with hydrogen,, to form water, will be in two proper* 
tions, and its union with manganese, forming the deutoxide, 
will be in three proportions, &c. The fact, therefore, that 
oxygen unites in the proportion of 12 is not considered a 
valid objiection to the universality of the law of definite and 
multiple proportions, but only a proof that the smallest combi-. 
ning proportion of oxygen may not yet have been discovered: 

This digression seemed necessary, in order to explain, 
once for all, this apparent anomaljr. 

<Oxygen gas is an invisible transparent fluid, like common 
air, and has neither taste nor smelly vj^ is sparingly absorbed 
by water, -100 cubic inches of which, take up three or four 
cubic inches of the gas.> 

^Oxygen has the most universal affiriity of any known sub- 
stance, there being not one of the simple substances with 
which it may not be made to combine. It unites with all the 
metals, formmg a very extensive class of compounds, known 
under the name of oxides. • With some of them it combines 
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in such proportions as to form acids. '^ Such is the case with 
arsenic, molybdena, and others. With the simple combusti- 
bles, sulphur, carbon, &c., it also combines in various pro- 
portions, forming oxides and acids. With the metals sodium 
and potassium, it enters into combination to form the alkalies 
soda and potash. . Thus the acids and alkalies, though in 
most of their properties so entirely opposed to each other, are 
composed of oxygen united to different bases, the base ot 
sulphuric acid being sulphur, and that of potash being po- 
tassium. 

^The process of oxidation sometimes takes place very slow- 
ly, as in the rusting of iron exposed to the atmosphere. In 
this case, the affinity of the iron for the oxygen contained in 
the atmosphere, though constantly exerted, produces its ef- 
fects very gradually, particularly if the iron is kept in a dry 
state ; but the oxiaation is greatly facilitated if the iron is 
moistened v^rith water, since then the metal absorbs oxygen 
from the water, as well as from the air. ' 

• In ordinary combustion, which is nothing more than a rapid 
oxidation, ^^with the extrication of heat and light, the strong 
affinity between the combustible and the oxygen^is caused by 
the great elevation of temperature. The combustible re- 
quires, in the first place, to be heated to a certain degree, 
before it will attract oxygen with sufficient force to emit heat 
and light, after which, the elevation of its temperature is con- 
tinued by the absorption of oxygen, and thus the combination 
of one portion of oxygen with the burning body causes the 
absorption of another. 

A combustible is any substance, capable of uniting with 
oxygen, or any other supporter of combustion, with such ra- 
pidity, as to cause the disengagement of heat and light, n In 
this sense, iron, steel, and many other bodies, thousfh they will 
not burn in the open air, are strictly combustibles, as they 
conform to the above definition, when heated in oxygen 
gas.) 

In this gas, all combustibles bum with greatly increased 
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splendor ; and many substances which, before the discovery 
of this gas, could not, in any sense, belong to this class, are 
now strictly combustibles. 

^The combustion of various sub^nces in oxygen gas,a6rordt 
experiments of the most brilliant and instructive kind) 

Among these, the combustion of iron, steel, and zinc, are 
highly interesting, not only because we are not in the habit 
of seeing metals burn, but because the first give out the most 
splendid corruscations of light, while the zinc bums with a 
light peculiar to itself 

(To exhibit the combustion of iron or steel, in this gas, 
procure a piece of wire of small size, or what is better, a 
watch spring, and wind it^ round a slender rod of wood, so 
as to coil it in a spiral form, the turns of the wire being 
about the fourth of an inch apart. Then withdraw the rod, 
and &x to the lower end of the coil a small piece of thread 
dipped in melted bees-wax, or sulphur, or what is better, a 
little piece of spunk. The other end of the wire, for a few 
inches, is to be left straight, and fixed to the cork fitting the 
mouth of the bottle in which the experiment is to be 
made.N 

Next, fill a clear glass bottle of a quart or more capacity 
with oxygen gas, and having set it upright, cover the mouth 
with a plate of glass, or other\\'ise. Then inflame the com- 
bustible on the end of the wire, and having removed the cov- 
er fram the bottle, introduce the coil, and ^ the cork in its 
place, as represented by Fig. 47. 

Fi^ 47 The wire will burn with a light too vivid for 

' ' the eyes to bear, throwing out the most brilliant 
.corruscations in every direction. Now and then 
a globule of the melted metal will fall, and if 
the vessel contains water, it will leap on its 
' surface for an instant or two, being thrown up 
rby the steam into which it converts the fluid. 
tlf the vessel contains no water, the intense heat 
r of the globule will cause it to melt the glass and 
5 sink into its substance, and if the glass be thin, 
it will fuse a path quite through it, without caus- 
ing the least fracture.; 
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To witness the combustion of zinc in oxygen, first prepare . 
the metal by melting, and pouring it while fluid into the water. 
Then place some thin pieces in a spoon prepared with a 
cork on its handle, as represented by Fig. 48, and put in the 
jY ^Q midst of the s^nc a small piece of phosphorus. Hav- 
^' ing a bottle of the gas prepared as in the last experi- 
ment, inflame the phosphorus by holding the spoon 
over a lamp, and instantly introduce it into the bot- 
tle, fixing the cork in its place. The metal will burn 
with a beautiful white light, often tinged with green, 
owing to a small quantity of copper which the zinc 
contains. 

K.If a lighted candle be blown out and then plunged 
into a vessel of this gas, while a spark of fire remains 
in the wick, it will be relighted with a slight explosion. ';:i 
The best way of making this experiment, is, to place a 
short piece of candle in a socket, fixed to a wire, as in Fig. 49. 
In this manner a candle may be blown out and again set on 
p. .g fire by dipping it into a bottle of oxygen, twenty or 
1^' ' thirty times, and perhaps oftener. 
^ ^ During combustion in oxygen gas, the oxygen com- 

bines with the burning body, and produces remarka- 
ble changes, not only on the combustible, but also on 
the gas. * The combustible, on examination, will be 
found to have sensibly increased in weight, by the 
combination, while the oxygen entirely loses the pow- 
J er of again supporting combustion, so that if a lighted 
j| candle be plunged into it, instead of burning with 

splendor as before, it is now instantly extinguished. 
These changes are readily explained by the analysis of 
the body burned, and of the gas. CThe iron loses its brillian- 
cy, and is converted into a dark brittle substance, easily pul- 
verised in a mortar./ 1 This is an oxide of iron, and consists 
of the iron itself united to the ponderable portion of the gas. ^ 
If the iron is weighed before the combustion, a^d afterwards, 
it will be found to have increased in weight irtlifee proportion 
of 8 parts to the 28.n 
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The gas on the contrary loses in weight what is gained by 
the iron, and if the vessel in which the experiment is made, 
be open at the bottom, and stands in a dish of water, the di- 
minution of the gas in volume will be indicated by the rise of 
the water in the vessel. ; If the gas and iron are both accu- 
rately weighed before the experiment and afterwards, the sum 
of their weights will be found precisely the same, proving 
that nothing has escaped, and that what lias been lost by the 
oxygen has been gained by the iron. VWhen other combusti- 
bles are submitted to the action of this gas, though they may 
entirely change their appearance by the process, or seem to 
be dissipated and consumed, yet nothing is lost by the burn- 
ing, there being in all such instances merely a change of form. 
\^hus, when charcoal or diamond is burned in a confined por- 
tion of this gas, instead of losing as in the former experiment, 
the gas increases in weight, that is, it isCconverted into car- 
bonic acid gas, by a union between the oxvgen of the gas, 
and the carbon of the diamond or charcoal, so that what is 
lost by the charcoal is gained by the gas.-^ 

In every instance, the gaseous matter which remains in 
the vessel after combustion, 'js unfit to support animal life.. 
If a bird or any other animal be confined in a limited portion 
of atmospheric air, it soon diesi^because it destroys the oxy- 
gen the air contains, by converting it into carbonic acid, thus 
leaving anolhier portion of the atmosphere called nitrogen, 
both of which are destructive to life.^ (See Nitrogen.) 

If a bird be confined in a portion of oxygen, it will live 
longer than in the same quantity of atmospheric aii!^ because 
it is the oxygen alone which supports the respiration ^ but it 
dies when t^he oxygen is consumed, or converted into carbonic 
acid. Vput if any animal be introduced into a portion of air 
after its oxygen has been destroyed, or absorbed by a burn- 
ing body, it dies in a few seconds, unless like the frog it has 
the power of suspending its respiration/' 
CFinally, it is proper to remember, that no animal can live 
in an atmosphere tvhich will not support combustioiCj 



>!». anj thing lost bj comtmstioii 1 When charcoal to burned in a confined ponioA 
of oxygen gas, wliat effect is produced on eachi Into what gas is the oxygen con- 
Terted by the process 1 Will the gas left after cnmbuption ever sti&tain animal life) 
oWhy wiH a bird or any other animal soon die when confined in a limited portion of 
common air 1 Wily will an animal live longer in oxygen gas, than in the mna 
portion of common air 1 Will an animal live in air wliich will not support. ooi» 
taMion) 

11 
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Were this feet more generally known and remembered, 
we should not every year hear of instances where lives are 
lost by descending into old wells or cisterns. The cause of 
such accidents is the presence of carbonic acid, in the bot- 
toms of such cavities ; and were the precaution taken to let 
down a burning candle, before the descent of the person, all 
danger might be avoided ; for if the flame is extinguished, 
the air will not support animal life. 

It has been recently reported, that throwing buckets of wa- 
ter into a well, where two persons had fallen down by sufib- 
cation with carbonic acid gas, had been the means of saving 
their lives. {See Carbonic Acid.) 

Hydrogen. — 1. 

CThe name of this gas is derived from two Greek words, 
signifying the generator of water^ because it enters largely 
into tie composition of that fluid.') 

It was discovered by Mr. Cavendish in 1766. Its specific 
gravity is 0.694, air being l.-f-lOO cubic inches weigh 2J1 
grains,'v>vhile the same bulk ok air weighs 30.5 grainsjj it is 
therefore about; 14 times lighter than atmospheric air^ Com- 
pared with oxygen.vit is just 16 times lighter than that gasp 
t Deing indeed the lightest of all known ponderable bodies.:)tIt 
refracts light more powerfully than any other bodv, its re- 
fraction being in the ratio of 6.6, air being 1^ J[ts electricity 
is positive.) 

vHydrogen may be obtained by several processes, but in no 
instance without the presence of waterj^it being evolved only 
by the decomposition of that fluid.; 

»The most convenient method, is to put fragments of iron 
or zinc into a proper vessel, and pour on them two parts by 
weight of sulphuric acid, diluted with 5 or 6 parts of water. 
The hydrogen will immeidiately ascend through the water in 
abundance.-} 



WiO a!r which is unfit for respiration support combustion 1 -VThat precaotloB 
0aSht always to be taken, before a person goes into a well rr old cistern 1 What Sa 
the derivation of the word hydrogen? What is the weight of 100 cubic inches ol 
Ih'M gas I What is its weight when compared with airl How much lighter is by- 
dvQgen than oxygen ? What substance is lighter than hydrogen gas 1 What is said 
of its power to refmct light 1 What is the electrical state of this gasi Can this gaa ba 
abtainetl without the presence of water 1 Why 1 Wlut is the best method of obtainiiv 
Axis gasi 
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Fig, 60. Where only small quantities of 

the gas are wanted, the simple ap- 
paratus represented at Fig. 50, is 
all that is required. It consists of 
a Florence flask into which the zinc 
and acid are put, with a tube lead- 
ing under a bell glass, or large 
^ tumbler filled with water, and in- 
verted in a dish of the same fluid. 
^Zinc for this purpose is better than 
iron, and is easily prepared by melting, and while fluid, pour- 
ing it into water. 

^he production of the hydrogen depends on the decompo- 
sition of the water which is eflTected by the united action of 
the metal and acid.'^ The metal having an attraction for oxy- 
gen, obtains it from the water; this forms an oxide of the 
metal which is instantly dissolved by the acid ; the surface of 
the metal is thus left clean, and exposed to the water, from 
which it attracts another portion of oxygen, which is dissol- 
ved as before. Meanwhile the hydrogen being thus detached 
from the oxygen, absorbs caloric, and is evolved in the form 
of hydrogen gas. 

hydrogen may also be obtained by passing the vapor of 
water through a hot iron tube.^ \Jii tliis case, the oxygen of 
the water combines with the iron, while the hydrogen is set 
free^ 

Place a gun barrel across a furnace so as to heat it red hot. 
Connect to one end of the barrel, by means of a tube, a re- 
tort containing water, and placed over an Argand lamp : and 
to th.e other end of the barrel fix a tube, leading under a ves- 
sel of water, inverted in a water bath. Then make the water 
in the retort boil, so that its steam may pass into the gun bar- 
rel, and hydrogen will be evolved, and will pass into the 
inverted vessel. 

Hydrogen, when obtained by either of these methods, is not 
<|uite pure, but contains a little sulphur or carbon. For par- 
ticular purposes it may be purified by passing it through a 
solution of pure potash in water. 

In this state hydrogen is without colour, taste, or smelL It 



On what does the production of hydrogen depmd 1 Explain the chemical c han gn 
whkh take place during the production of this gaa. By what other method may thia^a* 
be obuined 1 How does the red hot gun barrel deeeropoae the watarl b hydrq^n m 
eompooiid or an elememaiy body. 
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^8, 80 far as is knowix^n elementary body!fhavingf resisted all 
attempts to resolve it into more simple parts. 

It is inflammable, but not a supporter of combustion. ( If a 
lighted candle be introduced into a vessel of this gas, the 
flfune is instantly extinguished^!^ in passing into the gas, it 
inflames that portion i^^hich is in contact with the atmospheres 
This shows that the combustion of hydrogen requires the aid 
of oxygen which it absorbs from the atmosphere as a supporter. 

n^nis experiment may be made by inverting the vessel con- 
taining the hydrogen in the open air, its levity preventing it 
from escaping downwards. In this state it will be seen to 
burn only on the lowest surface. But if the vessel contain* 
ing it be turned upright, the whole will escape in a volume 
of flame. 

^ydrogen is the gasjwith which balloons are charged, and 
bemg about fourteen times lighter than common air, if the 
balloon is large, it ascends with great force. The principle 
on which balloons ascend, is the difference of specific gravity 
between the balloon as a whole, consisting of fajj^drogen, and 
the apparatus containing it, and the same bulk of atmosphe- 
rie air. It is the same principle that makes a cork rise through 
water, or a leaden bullet through quicksilver^ 

^he principle of balloons may be illustrated thus. Fill a 
bladder, or a gas bag, furnished with a stop-cock, with hy- 
drogen gas ; attach to the stop-cock a tobacco pipe, or what 
18 better, one of metal. Then dip the bowl of the pipe into a 
solution of soap, and form bubbles by pressing the bladder. 
These bubbles being detached from tfie pipe, will rise rapidly 
through the air.3 

yWhen hydrogen is mixed with oxygen and inflamed, the 
mixture detonates violently.) (The best proportions are two 
parts of the hydrogen and one of oxygen by volume^ If soap 
bubbles of this mixture are touched with a candle wKen float- 
ing in the air, they give a report as loud as a pistol, but much 
more sharp and stunning. 

A loud report is also given when the hydrogen is mixed 



«4KhMi a righted candle is plung«d into this gas, does it continue to burn, or is it extin- 
gnlshsd 1 As the candle passes into the gas. wliat part of it is set on fire ? Ifow is this 
experiment best made 1 SpPhy does the hydrogen burn only on the surTace 1 With what 
gas are balloons filled 1 On wha* principle do tuiLIoons ascend l^low may the principle 
of balloons be illustrated ? What is the r^nsequence of firing a mSxture of hydiogen aod 
OKytan I What proportions of each make the loudest report 1 
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with common air, instead of oxygen, ^he best proportioiis 
are about three of the air to one of the hydrogen^. 
]^g.5\. This experiment may be varied by means of the 
hydrogen gun. Fig. 51. It consists of a tin vessel, 
holding about a pint, the lower end being closed, and 
, the upper end left open^and fitted with a cork, a smaU^ 
I orifice being made toward the lower end, as seen in 
[the figure. 

Having filled this vessel about one third with watei; 
Inclose the small orifice with the thumb, and let in hy- 
drogen until the water is displaced. Thus, the vessel 
will contain three parts of air, and one of hydrogen. 
The cork being put rather loosely in its place, the mixture 
is fired by raising the thumb, and applying a lighted taper to 
the orifice. The cork will be driven out with violence, at- 
tended with a loud report. 

|When a jet of hydrogen is burned at the end of a tube 
wifh a fine bore, and with a large tube of glass, porcelain, or 
metal, musical tones are produced, which are grave or acute 
in proportion to the size or kind of tube employed.j 
Fig.^'Z. This pleasing experiment may be performed by 
^ placing the materials for making hydrogen, in a 
convenient vessel, furnished with a tube, as in Fig. 
62. Or the tube may be connected with a reser- 
voir of gas already collected. The manner of hold- 
ing the large tube to produce the musical tones is 
shown in the figure. 

c Hydrogen cannot be breathed without deleterious 
effects, though it is not immediately fatal to animal 
life? 

The action of platinum sponge on hydrogen is 
. singular, and highly curious. iyWhen a jet of this 
__ gas is directed on a few grains of the sponge, both 
being cold, and in the open air, the latter immediately be- 
comes hot, and in a moment glows with a red heat, selling 
fire to the hydrogen.^ 
( Platinum sponge is prepared by dissolving the metal in 




t are the beet propordona for mixing hydrogen and air for the same ^rpoaet 
Describe the method of using th^ hydrogen gun, Fig. 61. How are musical tones pro* 
duced by the burning of hvdrogen 1 Explain Fig. 6S. ^ hydrogen a respirable gasf 
WmCeflfects does it produce ^ ^en breathed 1 VWhat phenomena are produced when hj 
drogen is thrown in a stream upon platina sponge 1 How is friatina sponga psepand 1 
11» 
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niirihmuriatic acid, that is, a mixture of one part of nitric to 2 
parts of muriatic acid. Ammonia, or muriate of ammonia, is 
add^d to this solution, which produces a yellow precipitate. 
When this precipitate is exposed to a red neat in a crucihle, 
the acids and ammonia are driven off, and there remains pure 
platinum, in the form of a delicate spongy mass. Another 
method of obtaining the sponge, is to throw the yellow pre- 
cipitate on filtering paper, and when the liquid has passed 
through, to dry the paper, and introduce it, with the adhering 
precipitate, into the crucible^ 

This curious effect of the action between platina sponge 
and hydrogen, was discovered by Professor Dobereiner, of 
Jena, who invented the following method of producing an 
instantaneous light by its means. 

Fig. 53. The two vessels, a and b. Fig. 

53, are of glass ; a is prolong- 
ed in the form of a tube, and 
is fitted to the mouth of A, by 

i grinding, or cement, so as to 
be air tight. The lower part 
of a reaches nearly to the bot- 
tom of b, and is encompassed 
with a strip of zinc. Sulphuric 
acid, diluted with five, or six 
parts of water, being placed 
in b, a is fixed in its place, as 
seen in the figure. Hydrogen 
is evolved by the action of the 
acid on the zinc, and pressing 
upon the fiuid, (which must 
fill only about one half of b,) 
drives it up the tube into a. The stopper of a, is conical, and 
rises to let the air from that vessel escape. When so much 
gas has been evolved as to press most of the acid up into -a, 
and consequently to remove it from the zinc, the chemical 
process will cease, leaving b nearly filled with hydrogen. 
The brass tube d, is cemented to the neck c, and furnished 
with a stop-cock. The box e, contains the platina sponge at 
the end of the tube. 

When a light is wanted, nothing more is necessary than to 




Sai4aln Fig. fO, and ahmr how hjdnwa ia produced, and in what maniMr U is thiowa 
ifMAeapoqiBi Why dosa hoc thaaeUeoiMianil/ act upon the sine) 
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open the stop cock d, and let a jet of the gas hlow upon the 
nK>nge, which becoming immediately red hot, a match, and 
then a candle may be lighted.^ By permitting the hydrogen 
to escape, the acid again comes in contact with the zinc, and 
thus another portion of the gas is formed, and retained until 
wanted.\ 

Protoxide of Hydrogen 9. 
1 p. Oxygen 8+1 p. Hydrogen I. 

Water. 

It is only necessary to remark in respect to the above ab- 
breviations, that the number for water, as already explained, is 
9, being composed of 1 proportion of oxygen 8,' and 1 propor- 
tion of hydrogen 1. The same method being observed with 
respect to the other substances to be described, the student 
has only to notice the numbers affixed to the names of each 
substance, andQie at once becomes acquainted with the pro- 
portions and composition of each compound, and the number 
by which the compound itself is represented^ This method, 
it is thought will not only be found highly convenient, but 
will also greatly facilitate the acquirement of a proper know- 
ledge of chemical equivalents, a subject, as formerly remark- 
ed, of great importance to the student in the present state of 
the science. 

J^It:;has been stated that water, by analysis, is composed of 
two parts of hydrogen, and one of oxygen, by volume, and 1 
part hydrogen, and 8 oxygen by weight.\ 

Having described the properties of these two gases sepa- 
rately, it now remains to demonstrate by synthesis, that is, by 
the combination of these gases, that water is the product. 

It may be seen by a very simple experiment, that when 
hydrogen is burned, water is formed. 



Wheoone portion of the gas escapes, in what manner is another portion generated f 
What is signified by the numbers afiized to water, oxygen and hydrogen 1 With what 
does the student become acquainted by observing the irambers affixed to names of the 
dements^ and of their compounds 1 By aiwlysis, what is the composition of water, by 
weight and measure 1 By what simple experiment may be shown that when hydrogea 
tobamsd, water is fonnedl 
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Fig, 54. Fill with hycfrogen a blad- 

^ der, furnished with a stop- 
icock, and small tube. In- 
flame the hydrogen at the 
end of the tube,^d intro- 
duce the flame into a dry 
glass globe with two open- 
ings, as represented at Fig. 
54. As the gas burns, the rarefied and vitiated air will pass 
oflTat one of the openings, while the other admits fresh air to 
support the combustion. In a few minutes the inside of the 
globe will be covered with moisture, and by continuing the 
experiment, water will run down its sides, which may be 
tasted or otherwise examined. The same experiment may 
be made with a large glass tube instead of a globe. In this 
experiment, it is supposed that the combustion of the hydro- 
gen is supported by the oxygen of the atmosphere, and there- 
fore nothing can be known of the proportions in which they 
unite, ^or would it be absolutely certain by this experiment 
that it was the oxygen of the atmosphere which combined 
with the hydrogen, and supported its combustion. ^ 

\But when the two gases are confined, each in a separate 
ga§t)meter, and burned together in an exhausted vessel, the 
result will not only demonstrate to the senses that water is the 
product, but will also show the exact proportions of each ele- 
ment by weight and measure, j 

• For this purpose two graduated gasometers contain the two 
gases, each being furnished with a tube, leading to the glass 
globe, Fig. 55. Before the experiment begins, this globe is 
connected with an air pump by the screw 
c, and completely exhausted of air, and 
then accurately weigheid. Ic is then 
connected with the two gasometers which 
contSiin the gases by the pipes d and e. 
When everything is thus prepared, the 
stop-cock d is opened, and a small stream 
of hydrogen let in, which is instantly in- 
rf flamed by an electrical spark from the 
conductor a, this being of course connected with an electrical 



Is it absolutely certain by this experiment, that it is the oxygen of the atmo^iheiv 
which unites with the hydrogen to form water 1 How may it be demonstrated that the 
combustion of hydrogen and oxygen form water 1 Describe the apparatus reprsssntcd 
by Fig. 66^ and explain how the two gases are brought together, and how inflamed 1 
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machine. The oxygen is then admitted, by turning the stop- 
cock, «, and thus the combustion of the hydrogen is supported. 1 

\At the end of the process, the graduated gasometers show 
exactly the volume of each gas consumed, and as the weight 
of 100 cubic inches of these gases are known, it is easy to 
compute the weight of the volumes consumed, and by weigh- 
ing the globe to compare it with the weight of water prodocedi/ 
By such experiments made with every attention lo accura- 
cy, together with that before described, of weighing the gases 
by means of exhausted vessels, Fig. 45lit is proved, that 
hydrogen and oxygen unite in the proportions of two of the 
first, to one of the last, by volume ; and in the proportions of 
1 and 8, by weight ; that the sole product of the combustion 
of the two gases is water, and that the weight of the water 
is just equal to the combined weights of the two gases j In 
this manner has the constitution of water been demonstrated 
beyond all doubt or controversy. 

Compound Blowpipe. CWhen hydrogen and oxygen are 
burned together, in the proportions in which they form water, 
a most intense heat is produce^ vj^he compound blowpipe^ 
the instrument by means of wmch the combustion of the two 
gase^ is reg^ulateci for this purpose, was invented by Professor 
Hare, of Philadelphia, in 1801. The apparatus consists of two 
pipes, which convey the gases from two gas-holders, to another 
«hort pipe, at the end of which their combustion takes place. 
' The principle of the com- 

pound blowpipe will be under- 
stood by Fig. 56. The two 
brass pipes c and d, are con- 
nected with the gas-holders a 
and b, by coupling screws, 
which ^ their lower ends to 
short tubes furnished with stop- 
cocks, as seen in the figure. 
These stop-cocks are for the 
convenience of confining the 
gas in the gas-holders, when 
the blowpipe is not in use, and 
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no 




At tlM end of the process, how is it ascertained what proportion of each gas has been 
cmwamed, and how much water formed 1 What has been proved hy such experimentt 
in respect to tho quantities and proportions of the gases consumed, and quantity ol water 
fiMTmedl rSt/bat is said of the intense lieat produced hy the combustion of hydrogen and 
osTgenl What is the instrument«called by which tlie combustion of the two gases is 
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for other purposes connected with the pneumatic cistern. 
The two upper stop-cocks are designed to regulate the quan- 
tity of gas from each pipe, so as to produce the greatest heat, 
and also to stop it entirely while making experiments. 

The gas-holden . a and h, are two boxes of painted tin, open 
at the bottom, and naade to fit a cistern of wood, about fiye 
feet long, containing water. These boxes are fixed in their 
places, at each end of the cistern, by buttons, so that they can- ^ 
not rise when filled with gas. They may be two and a half, 
or three feet deep, and two feet wide, or of any other size, 
according to the extent of the experiments proposed. The 
cistern must be several inches deeper than the boxes, so that 
the water will rise above them. 

The two pipes convey the two gases separately to the point 
«, where they are soldered together, and on their united points 
is screwed a platina or silver tip, having a single orifice, at 
the end of which their combustion is eflfected. If the tip is 
of silver, it should be large, and care taken not to include it 
in the cavity of the charcoal support, while making experi- 
ments, otherwise it will be melted. 

Having such an apparatus ready, the gas-holders are put 
in their places, (the blowpipe being removed, until every 
thing is prepared for experiment,) and water is poured into 
the cistern/ the stop-cocks being open for the escape of iheair.^ 
When the cistern and boxes are full of water, the stop-cocks 
are closed, the blowpipe screwed on, and the two gases are 
conveyed under the boxes by tubes, coming from the vessels 
where the gases are evolved. One of the boxes being filled 
with hydrogen and the other with oxygen, the blowpipe is set 
in action by turning the stop-cock connected with the hydro- 
gen, and setting the gas on fire as it issues from the tip. The 
oxygen is then admitted, when the flame of the hydrogen 
will become less, being reduced to a small blue flame, which 
gives little light, and to the eye appears insignificant, and 



ngttlated for this puqxMe % Erplain Fig. 56, and show the uses oT the two tubeis ^ 
Aop-cocks, and the platina tip, 4cc In filling the cistern, why are the stop-cocloi left 
openi What is said of the suiallneas of the flame, and the imeaseljr heating powek of 
tlua blowpipe 7 
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totally incapable of the calorific effects attributed to this cele- 
brated machine. But the student who had never witnessed 
its powers, will be struck with astonishment, when he finds 
that a piece of iron, or copper wire, held in this little flame, 
burns with nearly the same facility, that a cotton thread con- 
sumes in a candle; and that a piece of tobacco pipe not larger 
than a kernel of com, will give a li^ht, from which he will 
instantly be forced to cover his eyes. / 

The compound blowpipe melts the most refractory substan- 
ces, and even dissipates in vapor those which are infusible by 
the best furnaces. ^No means hitherto discovered, with the 
exception of the galvanic battery, produce calorific efiects so 
intense as this blowpipe J 

Fig. 57. The pneumatic cistern 

above described is represent- 
ed at Fig. 57, with the blow- 
pipe in its place. For schools 
or private experiments, per- 
haps this is as cheap and 
convenient a form as can be 
constructed; since it serves 
the purpose of gasometers for 
the blowpipe, and a cistern for experiments. on all the gases 
wkere a water bath is employed. It is believed, after having 
had occasion to direct tho construction of several cisterns for 
the above named purposes, that the following dimensions are 
sufficient. Length of the cistern, 5^ feet ; depth, 2^ or 3 
feet; width, 2 feet; gas-holders or boxes, 2 feet square. The 
cistern to be made of pine boards, and well painted on both 
sides before it is used. The frame and legs on which it stands, 
must be separate from the cistern, about 18 inches high, and 
famished with rollers. Such an apparatus, including the 
blowpipe and boxes, costs about 14 dollars. 

Properties of Water. 

It is unnecessary to describe the common properties of a 
fluid which is so universally known, that neither man nor 
animal can exist without it. The purest water not having un- 
dergone distillation, is that which falls from the clouds. — It 




^4t there any meara of producing a more intense heat than that produced by the com- 
pound Uowpipe 1 Explain Fig. 57. What water is purest without disiiUaiion 1 
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is transparent, and without either taste or smell ; and being 
perfectly bland and neutral/ it is lo all animals, whose tastes 
nave not been vitiated, the most agreeable of drinks) 

The weight of water, as already shown, is the sfandard^by 
which the weight or gravities of all solids and liquids are es- 
timated. The weight of a cubic foot of pure water isVJOOO 
avoirdupois ouncest^iA cubic inch of .this fluid weighs, at the 
temperature of 60^,| 252.52 grains,' and consists of 28.00 
grains of hydrogen, and 224.46 grains of oxygen. \i By divi- 
ding 224.46 by 28.06, it may be seen how nearly these gases 
unite in the proportions of 1 and 8 to form watery '.The weight 
of water, when compared with that of air, is as 828 to l^The 
eflfect of temperature upon liquid water is distinguished by a 
p^uliarity of a very striking kind, and exhibits a departure 
from the general laws of nature, for a purpose so obviously 
wise and beneficent, as to afford one of the strongest and most 
impressive of those endless proofs of design and omniscience 
in the frame of creation, which it is the most exalted plea- 
sure of the chemist, no less than of the naturalist, to trace 
and admire. " All liquids, except water, contract in volume, 
as they cool down to their points of congelation ;' but the 
point of the greatest density in water is about(^40°/its freez- 
ing point being 32°." uls its temperature deviates from this 
point, either upwards or downwards, its density diminishes ; 
or in other words, its volume increases.) This peculiar law 
is of much greater importance in the economy of nature than 
might at first be supposed. The cold air which rushes from 
the polar regions progressively abstracts the heat from the 
great natural basins of water, or lakes, till the whole mass 
is reduced to 40° ; but at this point, by a wise Providence, 
the influence of the atmosphere no longer has this effect; for 
the superficial stratum, by farther cooling, becomes specifi- 
cally lighter, and instead of sinking to the bottom, as before, 
and displacing the warmer water, it now remains at the sur- 
fece, becomes converted into a cake of ice,, and thus preserves 
the water under it from the influence of farther cold. 



% what animals is water the most asieeable of all drinks? What is the weight of a 
cable foot of pure water 1 What is the weight of a cubic inch of water 1 How may ft 
be proved that the weights of hydrogen and oxygen in water are in the proportions of 1 
to 8 1 What is the weight of water when compared to that of air 1 M what tempera- 
lOTB is water at its greatest density? When water it above or below the tempcratura ol 
40 degrees, how is its bulic affected? In what xwpect ia the expaneioa of water to 
fPMsIng; of great consequence to mani 
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\Jfj like mercury, water continued to increase in density to 
its freezing point, the cold air would continue to rob the mass 
of water of its heat, until the whole sunk to 32°, when it 
would immediately congeal into a solid mass of ice to the bot- 
tom, and thus every living animal it contained would perish.) 
^ In the northern or southern temperate zones, such masses of 
ice would never again be liquefied ; a striking proof of the 
beneficence and design of the Creator in forming water with 
such an exception to the ordinary laws of nature./ 

Water, in its natural' state, always contains a quantity of 
air. >jrhis may be shown by placing it under ihe receiver of 
an air pump, for as the air is removed from the receiver, bub- 
* bles will be seen to rise from the water."^ .The air in water is 
found to contain a larger proportion of oxygen than the com- 
mon air of the atmosphera ^ The lives of all such fishes as 
live entirely under the water, depend on the quantity of oxy- 
gen it contains, for no animal can live and move where oxy- 
gen does not exist. 

Deuioxide of Hydrogen. — 17. 

2 p. Oxygen 16+1 p. Hydrogen, 1. 

Oxygenized Water. 

Water, in the scientific language of chemistry, is the prot- 
oxide of hydrogen ^ being composed of hydrogen, with one 
proportion of oxygen. {See Nomenclature.) It was supposed 
that hydrogen was incapable of a farther degree of oxygen- 
ation, until 1818, when Thenard, a French chemist, showed 
that by a certain intricate process, hydrogen could be made 
to combine with another dose of oxygen, and thus a new 
compound was formed, called deuioxide of hydrogen.* 

This compound is formed in precise accordance to the law 
of definite and multiple proportions, v.and consists of 2 propor- 
tions of oxygen and 1 of hydrogen,^ as stated at the head of 
this section. VJt is a highly curious and interesting compound. 
In some of its properties, it exactly resembles water, being 
inodorous and colourless; but in others, it is remarkably diflfer- 
ent.. It is corrosive to the skin, which it turns white, and to 



If water, like mercary , had its denirity increased by cold to 32 degrees, what would be 
the consequence, on la^e bodies of this fluid 1 'What is said of the beneficence and de- 
rign of forming water with this exception to the ordinary laws of nature 1 -ilow is it 
shown that water always contains air 1 How does the air in water differ from common 
air 1 V^hat is the scientific name of water 1 What is deutoxide of hydrogen 1 What 
am the pn^rties of oxygeni2ed water 1 How does this compound difTer from common 
watarl 
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the tongue it is sharp and biting, and leaves a peculiar me- 
tallic taste in the mouth. . 

At the temperature of 58°J it is decomposed, oxygen gah 
being evolved in abundance. It is therefore necessary, in 
the summer season, to keep it surrounded with ice. It is also 
decomposed and turned into common water by nearly all the 
metals, and most rapidly by those which have the strongest 
attraction for oxygen. Some of the metallic oxides produce 
the same effect, without passing into a higher degree of oxi- 
dation, a fact which has not been satisfactorily explained. 
The metals, silver and platinum, in a state of fine division^ 
decompose this water, when thrown into it, with such energy 
as to produce explosions. The same effect is produced by 
the oxides of silver, gold, mercury, manganese, and several 
other metals. 

Nitrogen. — 14. 

Vrhis gas was formerly called azoteii .which signifies life 
destroyer^ because no animal can live when confined in it.^ 
But the same epithet might be applied to several other gases, 
with equal propriety; and therefore, 'heing the basis of nitric 
acid, it is more properly called nitrogen. . As the atmosphere 
is composed of fourfiflhs of nitrogen, Uhis gas may be obtained 
by placing a mixture of iron filings and sulphur, a little 
moistened, in a confined portion of air, as under a bell glass, 
over water. \ The mixture will absorb the oxygen from the 
air, and leave the* nitrogen nearly pure. . It may also be ob- 
tained by burning a piece of phosphorus in. a vessel of air, 
inverted over water. The phosphorus forms phosphoric acid 
with the oxygen of the air, which acid is absorbed by^ the 
water, thus leaving the nitrogen remaining in the vessel/ 

Nitrogen is transparent, and without taste or smell, like 
common air. It is arranged as a simple body, though there 
are reasons for believing that it is a compound. ; 

It is destructive to animal life, and is a non-supporter of 
combustion. A lighted candle plunged into it, is instantly 
extinguished, and any animal soon dies when confined in it. 



At what temperature is this compound decomposed 1 Why do the metals decompon 
this kind of water ; and what do they absorb from It 1 What was the former name of 
nitrogen? What does azote signify 1 Why is it now called nitrogen 7 How may nitro- 
gen be obtained % How is gas obtained by means of iron filings and sulphur? How If 
nitrogen obtained by means of pliosphoras 1 What are the properties of this gasi 
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'Yet it exetts no injurious influence on the lungs, the priva- 
tion of oxygen being the sole cause of death. > 

^ts specific gravity is a little less than that of atmospheric 
air/nitrogen being 0.9722, air being 1000. One hundred 
cubic inches weigh 29.7 grains. 

(When combined with oxygen in certain proportions, it 
forms nitric acid. \ (Nitrogen exists in all animal substances, 
and in such plants as putrefy with an animal odour, as cab- 
bage and mushrooms. ) 

The Atmosphere, 

. The air which we breathe is composed of 20 parts of oxy- 
gOT, and 80 parts of nitrogen, to every 100 by volume.* 

tjhese proportions are found never to vary, except from 
local causes.) Gray Lussac, in an aerial voyage, carried with 
him an exhausted bottle, closely corked, and when at the 
height of nearly 22,000 feet from the earth, he uncorked his 
bottle, and let m the air. It was then closely corked again, 
and brought to the earth. On examination, this air was 
found to contain precisely the same proportions of the two 
elements^as that taken from the surface of the earth. Speci- 
mens of air have also been brought from Chimborazo, Mount 
Blanc, from the deserts of Africa, and from the midst of the 
oceans, and on analysis, they have all been found to contain 
the same proportions of the two gases. 

These proportions are found by ej^periment to form the 
most agreeable air for respiration, and to be best fitted for 
the support of animal life. Animals confined in air, contain- 
ing more than the ordinary proportion of oxygen, have their 
respiration hurried, and become feverish, by over excitement \ 
/while those confined to air which contains a less proportion 
of that gas, become languid and &int, from the want of its 
stimulating effects. 7 

JBesides these two gases, the atmosphere contains variable 
portions of carbonic acid gas, and aqueous vapor. The car- 

- lA what manner does nitrogen destroy lifel b the ajteclfic gravity of nltiogen 
greater, or less, than that of atmospheric air? With what snbetarice does nitrogen 
form nitric acid 1 An what vegetables is this gas found 1 What ia the composition 
of atmospheric airl What is said of the constancy of these proportional From 
what parts of the world have specimens of air been analysed, and found to contain tha 
same proportions of the two gases 1 Wiiat is the eflea of a greater proportion of ozy. 
gen than common air contains on the animal aystem 1 What is the effect of a less pro. 
portion on the syateml Does the atmosphere contain other gases besides ozygok and 
nitrogen 1 
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bonic acid'^eems alwaj^s to be present, since Saussure foucd 
it in the air of Mount Blanc, taken from the height of 16,000 
feet above the level of the sea. Its proportion never exceeds 
one part in a 100, in freely circulating air ; and it generally 
amounts to only 1,1000th or 1,2000th part of the whole. The 
proportion of aqueous vapor is also exceedingly variable, but 
seldom exceeds 1 part in 100. 

y The air of particular situations, is also found to contain 
small quantities of carburetted hydrogen, or inflammable gas, 
and of ammonia ; but these are not constant.3 

• It has been a question among chemists, whether the two 
gases composing the atmosphere are simply in a state of mix- 
ture, or whether they exist in a state of chemical combina- 
tion. Mixture has commonly been distinguished from com- 
bination, by the spontaneous separation of the ingredients of 
the former. But, although oxygen is specifically heavier 
than nitrogen, no such instance has been found to occur. '^ 

Air, confined in a long tube standing vertically for many 
months, was found to contain the usual proportion of oxygen 
in its upper part. The proportions of its constituents are 
also definite, like those of energetic combinations. By 
weight, there are two proportions of nitrogen 28, with 1 of 
oxygen 8. And by volume 4 parts of the first, 80, to one of 
the latter, 20, in the 100, thus making the simple proportions 
of 4 to 1. 

It has, however, been found that other gases of different 
specific gravities mix with entire uniformity where it is knowii 
that no chemical union exists between them.^Thus, if one ves- 
sel be filled with carbonic acid gas, and another with hydro- 
gen gas, the latter being placed over the former, with a tube 
communicating between them, the two gases will mix with per- 
fect uniformity in a few hours.^ In this instance, a part of the 
carbonic acid, though 22 times as heavy as the hydrogen, is 
found to have ascended into the upper vessel, while a part of 
the hydrogen, though 22 times lighter than the acid gas, de- 
scends into the lower one. The ca^ise of such an intimate 
mixture, under such circumstances, and without the influence 

What other gas is always found in the air ? WMt glttes are occasionally found, theif 
presence depending on local circumstances 1 What reasons are thete to believe that air 
is a chemical compound 1 What singular fact is mentioned in respect to the mixture of 
carbonic acid and hydrogen, through a tube 1 What does this fact show with respect to 
the uniform nitztureof the elements of the atmosphere without a chemical union 1 What 
Joes the facility with which oxygen is abstracted from the atmosphere tend to show ilk 
Mi«ct to this chemica. inioal 
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of chemical attraction, has not been explained. tyBut the fiict 
is sufficient to show, that the uniform mixture oF the consti- 
tuents of the atmosphere may be accounted for, without a 
chemica] union.^ The facility, also, with which oxygen it 
abstracted trom the atmosphere!^ against a chemical union. 
Thus, rain water contains a considerable portion of oxygen, 
besides a portion of atmospheric air. But the attraction of 
water for oxygen, is not supposed sufficient to overcome a 
chemical combination, and therefore did such a combination 
exist in the atmosphere, oxygen would not be found in water 
under such circumstances. 

^On the whole, it is most probable, that the constituents of 
im atmosphere exist in a state of mixture, and not in a state 
of chemical union, i 

The oxygen of ^e atmosphere being the principle which 
supports life, and flame, it is obvious that large quantities of 
this gas must be consumed every day, and therefore that its 
quantity must diminish, unless there exists some source from 
which it is replaced. \^The quantity consumed, however, 
must be exceedingly small, in a definite period of time, when 
compared with the wholej for the atmosphere not only en- 
tirely surrounds the earth, T)ut extends above it, at every point, 
about 45 miles. » Now, when we consider how small a pro- 
portion of this immense mass, comes into contact with ani 
mals or fires at any one time, and that it is only these small 
portions that become vitiated, we may suppose that ages 
would elapse before any diflerence could be detected in the 
quantity of oxygen, even were there no means of replenish- 
ment provided. 

But the wisdom and design of Dei^ which the study of 
nature every where detects, and which as constantly seems 
ordained for the benefit and comfort of man, has not left so 
important a principle as that of vital air to be consumed, with- 
out a source of regeneration. 

It appears from experiments,^ that; vegetation is the source 
from which the atmosphere is replenished with oxygen, and 
80 &r as is known, this is the only source.) . Qrowmg plants, 
during the day, absorb carbonic acid ^om the atmosphere, 
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ef mixture, or in that of a chemical unioni What ie eaid of the.quanthy of oxygen 
coneumed hj animnia, and flame, when compared with the whole, which exiile In ihe 
MBioB|iherel Rrwn what eouice to the atmoepherewpleniehed with oxygen I 



, 38 ATMOBPHlEftk. 

decompose the gas, emit the oxygen of which it is in part 
composed, and retain the carhon to increase their growth.-v- 
{See Vegetation.) ^ 

We have seen, under the article Oxygen^ that when wood 
or carbon is burned, that oxygen is thereby converted into 
carbonic acid gas, and a greater or less proportion of this gaqL^^ 
contained in the atmosphere may be attributed to this source. 
Here, then, we are able to trace another instance of the won- 
derful order and design of Omnipotence, ^he destruction 
of plants by burning, while the process absorbs the oxygen 
from the air, furnishes carbonic acid, which in its turn, is de- 
composed by growing vegetables, the carbon being again 
converted into wood, while the oxygen goes to replenish the 
loss created by the burning, and to purify the atmosphere for 
the use of man.) 

NITROGEN AND OXYGEN. 

In addition to the reasons formerly assigned for. supposing 
the atmosphere not to be a chemical compound; may be ad-, 
duced the fact, that most other combinations of nitrogen and 
oxygen produce corrosive or noxious substances. '^ 

Five such compounds are known to chemists, and^they all 
admirably illustrate the changes produced by chemical com- 
binations, as already noticed under the article Affinity. They 
also confirm the truth of the doctrine of multiple proportions, 
having been adduced, as illustrations of this principle, under 
the same article. Some of the most material properties of 
each of these compounds will be stated, beginning with that 
containing the least proportion of oxygen, and ending with 
that containing the most. ' 

Protoxide of Nitrogen. — ^22. 

1 p. Nitrogen 14X1 p. Oxygen 8. 

Nitrous Oxid^. 

/The best method of obtaining this gas is by fusing a salt 
called nitrate of ammonia.^ vThis salt may readily be formed 

- How do plants obtain the oxygen which they emit 1 Whence cornea the caihonic acid 
gaa which plants decompose 1 What is saidjgllhe wonderful order aud evident design 
of Providence, in making the destruction of plants the means of replenishing the air 
with oxygen 7 Wlut is said of the compounds of nitrogen and oxygen in reference to 
the chemical nature of the atmosphere? What do these compounds illustrate? What 
ifl the signification of protoxide 1 ^JThat other name is there for protoxide of nitrogen Y 
How is this gas ootained 1 
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^^mixing carbonate of ammonia with nitric acid (aqua fortis) 
diluted with four or ^ye parts of water, and then evajjora- 
tinfif the solution by a gentle heat. The ammonia should be 
added in small lumps until the effervescence ceases ; and the 
evaporation continued until a drop of it, placed on glass, con- 
cretes.. 

r Having prepared the salt, the nitrous oxide or exhilarating 
gas may be procured from it, and its effects by respiration 
tried by the following simple means, when no better appara- 
tus can be obtained. 

Prepare a Florence flask, as shown at Fig. 36, and into 
this put four or five ounces of the nitrate of ammonia. For 
a gas holder, fit to a large stoneware jug a cork pierced with 
two apertures with a burning iron; into one of the apertures 
pass a tube of glass or tin, iso that it shall reach nearly to the 
bottom when the cork is in its place, and stop the other ori- 
fice with a cork. 

For a pneumatic cistern, take a common wash tub, and fit 
to it a strip of board passing through the middle, and about 
four inches from the top, so that when the tub is filled with 
water, the board will be covered. Through the board cut a 
hole to receive the neck of the jug, so that it will stand in- 
verted. '^ 

Haviffg prepared things in this manner, fill the jug with 
water, and invert it in the tub, also previously filled with wa- 
ter. Then bend the tube belonging to the flask, so that it will 
enter the mouth of the jug, while the flask itself stands on a 
ring of the lamp furnace, and apply a gentle heat. 

If no lamp furnace is at band, the flask maybe suspended 
by a wire or string, and heated by a common lamp, or a few 
coals. The salt will soon melt and become fluid and trans- 
parent, when the gas will be extricated in abundance. When 
the jug is nearly fiill, which will, appear by the souna of the 
bubbles,^ slip the hand under its mouth, and having set it up- 
right, immediately put the cork with the tube through it, m 
its place. ^^As the nitrous oxide sometimes contains a mix- 
ture of nitric oxide, or deuioxide of nitrogen, which is danger- 
ous to respire, but which is absorbed by water, it is safest 



Mow is nitrate of ammonia formed T Having prepared the salt, in wliat manner is th* 
fM extracted from it 7 In wliat manner may a temporary gas holder and water bath be 
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What gas is sometiines mixed with the nitrous oxide f 
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before the gas is respired to let it stand an hour or two, with 
the water remaining in the jug/ 

To respire the gas, prepare a bladder, or oiled silk bag, by 
attaching to it a tube which fits closely to the second aper- 
ture in the large cork, and having squeezui all the air out of 
the bladder, or bag, remove. the small cork and pass in the 
tube. 

( Next pour such a quantity of water into the jug through 
the long tube as it is desired to obtain gas in the bag. Now 
the gas cannot escape through the long tube, because its 
lower end is in the water, nor can it escape through the mouth 
of the jug, this being closed by the cork ; it therefore passes 
into the bag.y vWhen this is full, withdraw the tube from the 
jug, and having expired, or thrown the air from the lun^s, 
close the nose with one, hand, and with the other apply the 
tube to the lips and breathe the gas from the bag into the 
lungs, and from the lungs to the baff) Sir H. Davy respired 
12 quarts, but\the medium dose is from 4 to 8 quarts for an 
adult; ^ 

^Oii some persons this gas has a highly exhilarating or in- 
toxicating enect, and produces th^ most agreeable sensations, 
-often attended by momentary mental hallucinations, and cor- 
responding actions. On others it produces mental depression, 
and melancholy forebodings: Its action commonly continues 
only for a few moments, and its effects seldom or never pro- 
duce a state of languor or debility, which might be expected 
to follow such a degree of excitement.^ 

JThe composition of the protoxide of nitrogen by volume, 
is nitrogen 100, and oxygen 50.) 100 cubic inches of this 
gas weighs 46.5 grains, (^and its specific gravity is therefore 
1.5, air being 1.) It is transparent, and colorless, has a sweet- 
ish taste, and an agreeable aromatic smell. J[t is a supporter 
of combustion, and many substances burn in it with fai 
greater energy than in atmospheric air. . The burning body 
absorbs the oxygen from the nitrous oxide and thus the nitro- 
gen remains in the vessel. 



Why to it nAst to let the gaaatand over water awhile befcre it is breathed 1 AAerhar- 
ln$ prepared a bladder, or gas bag, how is this filled with the gas from the jug 1 How to 
the gas respired^ VHiatis the medium dose for an aduUI What eflbct is the reapixa* 
Ikm of this gas said to produce on the human feelings 1 What to the composition of tlw 
R*. Jous osidr 1 What to ito specific gzavity 1 Does thto gas supparfr'combustion 1 



mxtkooeK and oxtokn. 141 

Deutoxide of Nitrogen. — 30. 
1 p. Nitrogen 14+2 p. Oxygen 16. 

Nitric Oxide. Nitrous Gas. 
) Deutoxide of nitrogen, as expressed above, and as its name 
dignifies, contains two proportions of oxygen to one of nitro- 
gen^ dt was formerly called nitric oxide, and nitrous gas, 
but analysis having shown its composition, its name is fixed in 
accordance. •) cThis gas is formed by the action of nitric acid 
on copper. Having introduced some copper turnings or 
filings into a retort, pour on them a quantity of strong nitric 
acid or aqua fortis. A violent effervescence will ensue, and 
the gas will escape in abundance.^ eA.t first it will appear of 
a deep red colour, which is owing to the presence of atmos- 
pheric air in the retort ; but on passing it through water the 
red fumes are absorbed, and the nitrous gas remains pure and 
colorless. % 

yTo understand the chemical changes by which this gas is 
formed, it is necessary to state that nitric acid is composed of 
40 parts of oxygen and 14 parts of nitrogen, and that this 
acid is decomposed by the process. A part of the oxygen of 
the acid unites with the copper, and forms an oxide of the 
metal, while another part of the oxygen continues in union 
with the nitrogen, forming a deutoxide of nitrogen, which, as 
already seen, contains only 16 parts of oxygen, ^he gaseous 
form of the deutoxide is owing to the absorption of a quantity 
of caloric at the instant of its formation.) «^The evolution of 
this gas is therefore owing to the abstraction of a part of the 
oxygen from nitric acid, by the copper.^ Other metals, and 
particularly quicksilver, will produce the same effect. 
^ Nitrous gas, when pure, is sparingly absorbed by water. 
Ris a little heavier than atmospheric air, 100 cubic inches 
weighing 31.7 grains, while the same quantity of air weiofhs 
30.5 grains.*^ ^It cannot be respired, even in small quantity, 
without a sense of suffocation, and violent coughing. It in- 
stantly extinguishes the fiame of most substances, when 
plunged into it, but if charcoal, or phosphorus, in a state of 



What does deutoxide signify 1 What is the composition, and what the equivalent 
numbers for dei\toxide of nitrogen 1 What was the former name of this gas 1 How ia 
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vivid combustion, be immersed in it, its oxygen is absorbed 
and they burn with increased energy^ 

When mixed with atmospheric air, red fumes are genera- 
ted, as already noticed. This is owing to the union of the 
oxygen of the atmosphere with the nitrous gas. When pure 
oxygen is added to a portion of this gas, the red becomes still 
deeper, and there is formed^itrousacid^ which is entirely ab- 
sorbed^ by water.') iThus these two gases, nitrous gas and oxy- 
gen, are a delicate test for each other, the smallest quantity of 
Uie one being detected by introducing a quantity of the other. 

From the property of the nitrous gas above stated, it has 
been employed in Eudiometry, that is, to ascertain the purity 
of the atmosphere, or the quantity of oxygen it contains.^ 

VThe method by which this is done, is to confine a certain 
portion of air in a graduated tube, and then to introduce into 
the tube, a sufficient quantity of the gas to unite with all the 
oxygen it contains. Then as the compound formed between 
the oxygen and the nitrous gas is entirely absorbed by water, 
it is readily seen by the graduated tube what proportion of 
air has disappeared, after agitating the mixture with water, 
and consequently how much oxygen it contained. 7 
<^The composition of deutoxide of nitrogen has been accu- 
rately ascertained by "burning charcoal in it, which absorbs 
all the oxygen, amounting to exactly one half the volume of 
the whole, and leaves the nitrogen, which amounts to the 
Other half By this analysis, it is found that 100 parts of 
this gas lose 50 parts of oxygen, and that 50 parts of uitrogeii 
remain. 

50 cubic inches of oxygen weigh 16.8 grains, 
60 cubic inches of nitrogen weigh 14.9 grains, 



The 100 parts therefore weigh 31.7 grains. 

14 



The equivalent composition therefore is 
^ 1 atom, or 'equivalent of nitrogen 

2 do. do. oxygen 16% 

t30'^ 
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Nitrous jIcm?— 46. 
1 p. Nitrogen 14+4 p. Oxygen 32. 

The next compound of nitrogen and oxygen which, we 
shall notice is nitrous acid. 

"" This acid is formed by adding oxygen to the compound 
last described, in consequence of which, the nitrogen of that 
compound combines with another portion of oxygen equal to 
that which it before contained. The deutoxide contained 2 
proportionals of oxygen, 16. The nitrous acid contains 4 
proportionals of oxygen, 32. Between these, there is a hy- 
pothetical compound, containing 3 proportions of oxygen, but 
which has not been obtained in a free state. This is called 
hyponitrous acid, and by some subnitrous acid, because it 
contains less oxygen than nitrous acid. 

Nitrous acid may also b^ obtained by the distillation of 
nitrate of lead, in a retort. (See Nitrate of Lead.) During 
the distillation, the receiver should be kept cold, by surround 
ing it with ice. 

vBy either of these methods, there is obtained a vapour, or 
gas, of a deep orange red colour, which is the nitric acid in 
a gaseous state.; ^ To obtain it pure, it is, however, necessary 
that the receiver should be first exhausted by the air pump,; 
^because the gas is instantly absorbed by water, and a mercu- 
rial bath cannot be employed, because the gas acts upon that 
metal.1 

By volume this acid is composed of, 

Nitrogen 100 By weight. Nitrogen 14 

Oxygen. 200 Oxygen 32 

300 46 

/Nitrous acid, in its fuming state, is totally irrespirable; but 
supports the combustion of phosphorus or charcoal, when 
these are introduced into it in a state of combustion.^ 

^ater absorbs this gas in large quantities, and acquires 
thereby, first a green and afterwards a blue tint. If still 
more be added, it becomes yellow, or colourless, and forms a 
solution of nitrous acid in water, i 



What are the procesaes by which nitroos acid may be obtained 1 What is the compo» 
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NitHe Acid4r^4.') 
1 p. Nitrogen 14+5 p. Oxygen 40^ 

^ If a mixture of oxygen and nitrogen be confined in a glass 
tube containing a little water, and powerful electrical shocks 
be passed through this mixture, the water, a/ter a continued 
succession of such shocks, will possess acid properties^ By 
this process, the two gases are made to combine, ana form 
nitric acid, which is absorbed by the water. 

This experiment is designed merely to prove that the acid 
in question is formed of oxygen and nitrogen. 

^The usual mode of forming this acid, is by the distillation 
of the nitrate of potash^ more commonly called nitre^ or salt- 
petre^ with sulphuric acid. The proportions are four parts of 
nitre, in coarse powder, with three parts of the acid by weight 
The receiver must be large, and kept cold, otherwise much 
of the acid will escape before it is condensedj^The strongest 
acid is formed when no water is placed in the receiver, that 
already combined with the sulphuric acid being sufficient to 
condense the nitric acid vapor as it is formed. ;> 

The strongest nitric acid is without color, and has a spe- 
cific gravity of 1.5, that is, this acid is by one half heavier 
than water. Jn this state it contains 25 per cent, of yfater**) 

\The dry nitric acid, which is formed by the condensation 
of its constituent gases, contains no water, and is composed, 
as stated at the head of this section, of 1 proportion of nitro- 
gen, 14, and 5 proportions of oxygen, 40. Th^ combining ^ 
number of the dry acid is, therefore, 54.| 

yThe acid obtained by distillation contains the same ele- 
ments as the dry acid, and in the same proportions, but with 
the addition of two proportions of water. ) Now, the combi- 
ning proportion of water being 9, that is, oxygen 8 and hy- 
drogen 1, it is easy, by the above data, to find the combining 
or equivalent number for liquid nitric acid. It may be stated 
thus : 



What is the oomposition oT nitric acid, and what its combining number 1 What ex- 
periment shows that this acid is formed of nitrogen and oxygen 1 What is the usual 
mode of obtaining this acid 1 In what manner is the strongest nitric acid formed? 
Whence comes the water to absorb the acid vapor when none is placed in the receiver 1 
What is the specific gravity of the strongest acid 1 What proportion of water does h 
cantain 1 How is the dry nitric acid formed? Does the acid obtained by diatiUaUon 
contain he same elements as the dry ? 



NITRIC ACID. 145 

1 prop, of Nitrogen 14 
5 prop, of Oxygen 40 



54 dry acid 
2 prop, water 18 

72 liquid acid. 

The acid in this state is called^Ayc^ro nitric acid,j from a 
Greek word signifying water, to denote its combination with 
that fluid. (When this acid combines with other substances 
it abandons the water, which therefore is not reckoned in its 
equivalent number;^ In this state it is CBlledianh^drous nitric 
acid, denoting that it contains no waterj 

\Nitric acid is an exceedingly acrid and corrosive substance. 
It stains the skin and nails of a permanent yellow, and is an 
active poison when swallowed. 

It parts with its oxygen with great facility, and hence is 
decomposed by nearly every combustible body. It combines 
with most of the metals, and decomposes all vegetable and 
animal substances.y^ 

(^As a proof of the slight degree of force with which this 
acid retains its oxygen, take some wurm, dry, and finely pow- 
dered charcoal, and pour on it a few drachms of strong nitric 
acid. vThe charcoal will be ignited, with the emission of im- 
mense volumes of red fumes. By this process the acid is 
decomposed, and parts with 2 or 3 portions of its oxygen to 
the charcoal, in consequence of which it is converted into 
nitrous acid, and deutoxide of nitrogen, which pass off in the 
form of red fumes. ^ 

Jf an ounce of the spirit of turpentine be placed in a cup, 
and on it there be poured suddenly, about half an ounce oif 
this acid, the turpentine will be inflamed with an explosion, 
sending forth a great quantity of black smoke, and often 
, throwing the acid and fire to a considerable distance/ 
. In both these cases, the acid parts with its oxygen with so 



What are the constituents of liquid nitric acid 1 What is the chemical name for the 
liquid nitric acid 7 When this acid combines with other substancfes, what l)ecx)mes of ita 
water 1 What is the chemical name for the dry acid 1 What are the properties of nitric 
acid 1 How is it shown that this acid holds its oxygen with a slight force t What eifect 
does the action of the charcoal have on this acid 1 What are the red fumes which pass 
off during this experiment % How may spirit of turpentine \m inflamed by t^;is acidi 
Why are the combustibles set on fire by this acid? 

13 
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much freedom, aud the combustibles absorb it with such avi- 
dity, as to set them on fire. 

In making the latter experiment, the vial containing th« 
acid should be tied to a long stick, otherwise the operator 
will be in danger from the explosion. 

^Nitric acid forms a great number and variety of salts, 
wnen combined with the different metals, earths, and alkalies. 
Most of these salts scintillate when thrown on burning char- 
coal. ) (This is in consequence of the oxygen which the salt 
emits when exposed to heat, and by which the combustion of 
the charcoal is rendered more vivid.i This scintillation is 
a sure proof that the salt is a nitrate.^ 

( All the nitrates are soluble in v/ater, and many of them • 
furnish oxygen gas of more or less purity when heated in a 
retort, j 

NITROGEN AND HYDROGEN, 

Ammonia 17. 

1 p. Nitrogen 14+3 p. Hydrogen 3. 

Hartshorn. 

^There is a substance well known to artists, and others, by 
the name of sal-ammoniac. In chemistry its name is muriate 
of ammonia, ilf some of this substance be pulverized by 
Itself, and then mixed with an equal portion of unslaked 
quicklime, also in powder, and then introduced into a retort, 
upon the application of a gentle heat, there will arise an ex- 
tremely pungent gas, which is ammonia. I 

^atei absorbs this gas with great avidity, and in large 
quantities, and consequently it cannot be collected like most 
other gases, by means of the water bath.) 

In the absence of a mercurial bath, therefore, its proper- 
ties can be examined vby receiving it in a bladder attached 
to the retort, or by means of a tall bell glass, and the appa- 
ratus described at Fig. 40. {This gas is transparent, and co-- 
lorless. In its pure state it cannot be respired. An animal 
cannot live in it, and it extinguishes the flame of burning 
bodies. ) 



What is said of the salts formed by the combinations of nitric acid t Why do the salt* 
of this acid scintillate when thrown on burning charcoal ? What is said of the solubility 
of the nitrates ? How is ammonia obtained 1 Why cannot this gas be collected under 
water ? How may its properties be examined without a mercurial bath 1 
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This gas is composed of 

1 equivalent or atom of nitrogen 14 
3 do. do. hydrogen 3 

Its combining weight is therefore 17 
Vlt is much lighter than atmospheric air, 100 cubic inches 
weighing only 18 grains.^ 

fWhen this gas is absorbed by water, which will take up 
more than 500 times its OAvn bulk of it, there is formed the 
well known pungent liquid called spirit of sal ammoniac, or 
sj)irit of hartshorn, and by the apothecaries, liquid ammonia,) 
(^When ammoniacal gas is submitted to the pressure of 6 or 
7 atmospheres, equal in the whole to about 100 or 120 pounds 
to the square inch, it is condensed into a clear colorless 
liquid; but when the pressure is removed, it again expands, 
and assumes its former gaseous state.^ 

Ammonia is called the volatile alkali, by which it is distin- 
guished from the fixed alkalies, soda and potash. It possesses, 
fully, all the properties of an alkali, having an acrid taste, a 
strong affinity for water, and being capable of neutralizing 
the corrosive qualities of the acids. 

The article used in smelling bottles, and called volatile salts^ 
and salt of hartshorn, is a carbonate of ammonia^ 

The salts of ammonia, and particularly the muriate and 
carbonate, are articles of considerable importance in com- 
merce, in the arts, and in medicine. 

Carbon, — 6. 

N Nature furnishes carbon in its purest state, in the form of 
that precious gem, the diamond, 

^That the diamond is nothing but pure carbon, is proved by 
direct analysis.; ; If in a glass vessel containing oxygen gas, 
a piece of diamond be placed, and then exposed to the intense 
heat of a large convex lens, or burning glass, the diamond 
entirely disappears, and there remains in the vessel carbonic 
acid, instead of oxygen. Thus the diamond, like other com-' 



What are ttie most obvious properties of ammonia 1 WTiat is the composition T)f am- 
monia, and what is its equivalent number 1 What is the weight of 100 cubic inches of 
this gasi How is liquid ammonia formed 1 What quantity of this gas will water ab 
sorb 7 What is said of the condensation of ammonia into a liquid 1 Wb^^ is the articio 
called volatile salts 1 What is said of the alkaline properties of ammonia 1 How if H 
provvd that the diamond is composed of pun carboni 
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bustibles, forms carbonic acid by being burned, or by uniting 
with oxygen. When charcoal, or carbon from wood, is burned 
in pure oxygen gas, exactly the same result is produced, the 
charcoal entirely disappears, .and the oxygen is converted into 
carbonic acid. ) 

(ChsLTCoal may be o'btained for experiments, by burying 
wood under sand, in a crucible, and exposing it to an intense 
heat for an hour or two. By this process, the water and 
other ingredients of which wood is composed are driven ofl^ 
and the carbon remains.^ 

Both diamond and charcoal sustain the most intense de* 
grees of heat, without change, provided oxygen is entirely 
excluded from them. ( Charcoal, when newly prepared, posh 
sesses the property of absorbing large quantities of air, or 
other gases, at common temperatures, and of yielding the 
greater part of them again when heated. ;There is, however^ 
a great difference in respect to the quantity absorbed, depend- 
ing on the kind of gas with which the experiment is madei^ 
r Ammoniacal gas is taken up in the largest quantity, this be- 
ing 90 times the bulk of the charcoal. Muriatic acid gas is 
absorbed in the proportion of 85 times the bulk of the char- 
coal. Other gases are absorbed only in small proportions, 
nitrogen being only 7k times, and hydrogen 1.75 times the 
bulk of the charcoal. The greatest absorption takes place in 
charcoal made from the most compact kinds of wood, and the 
amount is much diminished when the charcoal is reduced to 
powder( Charcoal, recently prepared, has the property of re- 
sisting putrefaction in animal substances, and of rendering 
such substances sweet, after they are tainted. The most offen- 
sive stagnant water, loses its odor and becomes perfectly 
sweet by being filtered through powdered charcoal.) 

V It also destroys the color of many substances. Vinegar 
loses its color, and becomes transparent like water, by being 
boiled with charcoal, and red wines, or colored brandy, are 
bleached by passing through it.'; /The best charcoal for these 



When diamond, or charcoal, is burned in oxygen gas, what is the product 1 How m^ 
charcoal be obtained from wood in a pure state 1 What peculiar property does newly 
prepared charcoal possess 1 What difference is thepe in respect to the q^iantity of the 
different gases al)Sorbed by charcoal 1 What gases are abex>rbed in the greatest, and whal 
in the least quantity 1 Wliat effect does newly prepared charcoal have on putr^yinf 
animal suljstances 1 What effect does charcoal have on the color of particular s 
cmI What Iciiid of charcoal is beat ibr the above purposes 1 
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purposes is prepared by calcining animal substances in close 
y^sels.) 

i^In the present state of knowledge, charcoal is a simple sub- 
stance, having resisted all attempts to decompose, or separate 
it into other elements.; (^Its atomic weight or combining num- 
ber is 6, this being the proportion in which it is found to unite 
with oxygen, to form carbonic acid, and in no instance has it 
been detected in a less proportion in combination^ 

T 

CARBON AND OXYGEN. 

Carbonic Acid — 22, 

1 p. Carbon 6+2 p. Oxygen 16. 

Fixed Air. 

It has just been stated, that when diamond or charcoal is 
burned in oxygen, the latter is changed into carbonic acid. 
rBy this process the volume of oxygen is not changed, but its 
weight is increased by exactly the amount of the (uamond, or 
charcoal, consumed.) Carbonic acid, therefore, consists of 
oxygen, with a ^^aniity of charcoal dissolved in, of combined 
with it. 

This acid can, however, be obtained by a much cheaper, 
and more direct method, than by the combustion of diamond, 
or even of charcoal, in oxygen gas. 

4^ Carbonic acid exists in a fixed state, in vast abundance, as 
a part of the composition of limestone or marble.' This che- 
mical compound, so abundant in nature as to form immense 
mountains,/is composed of 22 parts of carbonic acid, and 28 
of limoi^ 

( Carbonic acid may therefore be obtained most readily, bv 
exposing carbonate of lime to the action of some acid whicL 
has a stronger affinity to the lime than the acid has with 
which it is naturally combined, and thus by forming a new 
compound between the lime and the stronger acid, the car 
bonic acid will be set at liberty.^ 



b charcoal a simple, or a compound body 1 What is the combining number, or 
atomic weight, of carbon 1 When diamond, or charcoal, is burned in a confined portion 
of oxygen gas, what effect does the combustion have on the volume and weight of Um 
gasl In what natural compound is carbonic acid contained in great abundance 1 What 
proportion of carbonic acid does marble contain 1 What are the chemical principlep op 
which carbonic acid may be obtained from limestone, or marble 1 

13* 
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(. For this pur 
pose, introduce 
pure white mar- 
ble, in small frag- 
ments, into the 
two necked bot- 
tler, fig. 58. bar- 
ing the bent tube 
c, connected with 
one of the necks 
and passing un- 
der the jar 5, fill- 
ed with water, 
and inverted in 
the water bath. 
— Then pour 
through the funnel b, some sulphuric acid, diluted with five, 
or six parts of water. Effervescence will immediately en- 
sue, in consequence of the escape of the gas, which .in a few 
minutes will be seen to rise in bubbles through the water in 
the jaf.) % 

' The chemical changes during this process illustrate the 
law of simple affinity, formerly explained, viz.^ that one sub- 
stance may have an attraction for several others, but with dii- 
'"*N|Bi|rent degrees of force. Thus lime has an affinity for carbo- 
nic acid, with which it combines and forms carbonate of lime. 
,- 'But sulphuric acid having a still stronger attraction for the 
lime, when this is added, the carbonate is decomposed, the 
\k sulphuric acid and lime unite and form^sulphate of lime,\vhile 
f the carbonic acid being thus rejected, escapes in the form of 
gas. 

\This gas is inodorous, colourless, and elastic. It extin- 
guishes burning substances of all kinds, and is so poisonous, 
that a small quantity of it mixed with atmospheric air destroys 
animal life^ 

It is this gas which destroys the lives of many persons every 
winter, in consequence of warming close rooms with open 
Tcssels of burning charcoal. In such cases/lhe air becomes 



Explain Fig. 68, and describe the process of obtaining carbonic acid gas from marUe. 
bplain how this process illustrates the law of simple affinity. What new salt is formed 
1 sulphuric acid is poured on marble 1 What is the effect of this gas on flame^ and 
I life 1 Wlien charcoal is burned in an open vessel, in a dope room, what is tha 
t on the air of tho room > 
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noxious) from two causes ; the charcoal, .by abstracting the 
oxygen^from the atmosphere, would leave only the nitrogen, 
which, as we have already seen, will not support'animal life. 
The mere absence of the oxygen Avould, therefore, jbe the ne- 
gative means of destroying life. But this is not the most ac- 
tive cause of destruction. The air is not onlyfreprived of its 
oxygen, by the burning charcoal, but the oxygen, by uqiting 
with the charcoal, becomes an absolute poison ; ihis is indeed 
of so deleterious a nature, that when purej( U causes death by 
producing a spasm of the glottis, thus closing entirely the 
passage to the lungs'^^nd when mixed with atmospheric air, 
m such a proportion as to be taken into the lungs, it then 
acts as a narcotic poison, producing dimness of sight, loss of 
strength, difficulty of breathing, then entire suspension of 
respiration, and finally, insensibility, apoplexy, and death. > 

^When limestone is exposed to heal, this gas is driven oflfj 
an3 in consequence of this loss, the limestone is converted 
into quicklime, a substance well known as the basis of mor- 
tar for building.^ The gas, thus extricated, being quite pure, 
is exceedingly deleterious, and sometimes proves fatal to the 
workmen and others in the vicinity of the kiln, where the 
burning is performed/ 

^^^M. Foder states, that in the year 1806, a family residing 
at Marseilles, consisting of seven persons, were all rendered 
apoplectic, in consequence of breathing carbonic acid, which 
was extricated from an oven in the yard of the house, where 
limestone was burning.) The gas Jiad come into the house 
through the door and windows, and by some means it was 
found, during the night, that the family were in danger, and 
the alarm was given, but not in lime for any one to escape. 
In the morning all the seven were found in different places, 
one on the stains, one on the step of the door, &c., with 
lamps in their hands, in the attitude of flight; but the dele- 
terious gas had taken away their strength, and put out their 
lights. They all appeared to have fallen down of apoplexy, 
while attempting to escape death by flight. Five were dead 
beyond ^recovery, but the two others were brought to life. 
Some people, who are perfectly aware of the poisonous 



How does pure caibonic acid cause death 1 When mixed with air, so as to be respired, 
how does it cause death 1 When limestone is exposed to a red heat, what clianges are 
produced on it 1 What were the circumsunces under which a family at Marseilles were 
rendered apoplectic by this gas 1 Is there any difference ttetween the poisonous sfieeutof 
charcoal preparod in a coal-pit, and that taken from the hearthi 
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effects of the air arising from ignited charcoal, which has 
been prepared in coal-pits, still unaccountably believe, that 
the coals from a common fire are innocent. This opinion 
has probably arisen from the circumstance, that coals from 
the fire are taken up with a quantity of ashes, in which they 
are chiefly covered, so that their combustion is made less 
rapid, than when charcoal alone is used. (But that there is 
no difference in respect to the poisonous property' of this gas, 
whether the charcoal has been prepared in a coal pit, or on 
the hearth^ is proved by the fact, that a respectable citizen 
and his wife, a short time since, had nearly fallen victims to 
this mistaken opinion. 

Water absorbs carbonic acid from the atmosphere, and it 
is owing to its presence in spring and well water, that we are 
indebted to their pleasaut flavour, y Boiling causes this gas to 
escape in consequence of the heat, and whoever has tasted of 
water immediately from a fountain, and of another portion 
of the same water, which has been boiled, will observe a r^ 
markable difference.) Water which has been recently boiled, 
will absorb its own bulk of carbonic acid, when agitated with 
it. V. The smart and agreeable taste peculiar to soda water, 
to lively beer, champaigne, cider, and porter, is owing to the 
presence of this gas. )\J'his shows that, though a deadly 
poison when taken into the lungs, it may be taken into the 
stomach, not only with impunity, but with pleasure.^ 

(The poisonous quality of this gas is a striking instance of 
the change produced on bodies by chemical combination. 
Charcoal alone is so inert as to be taken into the stomach in 
any quantity, without other deleterious effects, than what 
might arise from over distention, and in fine powder it is so 
far from being injurious to the lungs, that the coalmen consi- 
der their business as of the most healthy kind. Oxygen, as 
it exists in the atmosphere, is the very pabulum of animal life, 
and when perfectly pure, may be respired without any other 
ill eflfects, except what arise from over excitement. But when 
these two substances are chemically united, they form, as 
already described, a compound of the most deleterious kind, 



What is said of the absorption of this gas by water, and the lively taste given the fluid 
in connqnence 1 Why does water which has been boiled taste flat and insipid 1 T9 
what liquids does this gas give their smart and lively taste 1 VfhBt does this prove In 
tespect to the poisonous quality of this gas 1 How do the poisonous qualities of this gai 
illustrate the changes produced on bodies by chemical combinational 
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a poison which, according to M. Halle, destroys animal life 
in the space of two minulesT) 

/The specific gravity of this gas is 1.52^ air heing 1; so 
that it is about one half heavier than air. it may be poured 
from one vessel to another like water, and as it instantly ex- 
tinguishes flame, lights may be put out with it, in a manner 
which will puzzle and astonish those who are not in the se- 
cret. (If a short piece of candle be lighted and set in a tum- 
bler, and then a jar of this gas, which in appearance contains 
nothing, be held so that its contents run into the tumbler, the 
light will be as effectually extinguished, as though the tum- 
bler had been filled with so much water.*) 

fpQne of the best tests of the presence of this acid is lime 
waterjnvhich though perfectly transparent before, instantly 
becomes cloudy, or turbid, when the smallest quantity of this 
gas is blown into it.) The small quantity of carbonic acid 
which is generated m the lungs at every inspiration, is suf- 
ficient to form a precipitate in lime water. {See Respira- 
tion.) 

rt'he cause which renders lime water turbid by being mixed 
wuh carbonic acid is easily understood. Water dissolves a 
small quantity of lime which it holds in solution ; but carbo- 
nate of lime is insoluble in water. When carbonic acid is 
blown into a vessel of lime water, the lime instantly combines 
with it, forming a carbonate of lime, which, being insoluble, 
is seen in the form of a white cloud. The carbonate thus 
formed, being heavier than water, sinks to the bottom, or is 
precipitated.^ 

The large quantities of this acid which are formed by com- 
bustion and respiration, it might be supposed, would increase 
the quantity in the atmosphere, particularly in crowded ma- 
nufacturing cities, so as to make the air poisonous. / But as 
already explained, the wisdom of Omnipotence has prevented 
the accumulation of this gas in particular places, in conse- 
quence of its specific gravity, for experiment shows, that not- 
withstanding the great difiference existing among the gases 
in this respect, they all mix uniformly."^ Hence,by this won- 
derful provision, or exception to the general law of gravity. 



What is the specific gravity of this gasl How may lights be extinguislied by this gas 
In a manner to puzzle those who are not in the secret 1 What is a good test Tor carbonic 
acidi What effect is apparent when a little of this gas is blown into lime water 1 Wh> 
does lime water become turbid by the presence of carbonic acid 1 Why is the atmos> 
pheze seldom rendered poisonous by (be accumulaiioD of this gas 1 
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this gas, thotigh extricated in immense volumes injthe free 
open air, soon diffuses itself on all sides, and mixes with the 
surrounding atmosphere, so as seldom to prove deleterious hy 
local accumulation. 

The composition of this-gas has been determined with ac- 
^curacy, and as seen at the head of this section, (it is composed 
of 2 proportions of oxygen 16, and 1 proportion of carbon 6; 
hence its combining weight is 22. N 

Carbonic Oxide. — 14. . ^ 

1 p. Carbon 6+1 p. Oxygen 8. 

(jVhen two parts of chalk, and one of iron filings, are mixed 
together and heateti in a gun-barrel, carbonic oxide gas is 
obtained, i 

The student will readily understand the principle of its 
forniation. An oxide contains too small a proportion of oxy- 
gen^to form an acidly When lime or chalk is heated, carbonic 
acid is extricated, and when iron is heated, it has a strong 
attraction for oxygen. When therefore the chalk and iron 
filings are heated together, we may suppose, in the first place, 
that the carbonic acid is extricated, as usual, but that the iroji 
instantly absorbs one half of its oxygen, thus converting the 
acid gas into an oxide.) 

\This gas possesses the mechanical properties, color, and 
transparency of carbonic acid. Like that gas, it extinguishes 
the flame of burning bodies, but is itself inflammable, the 
light which it puts out, setting it on fire at the surface, where 
it burns quietly, with a pale, lambent flame. fThe combining 
proportion of carbon has been determined from this com- 
pound, its elements, carbon and oxygen, having never been 
found to combine in smaller proportions than 6 of carbon and 
8 of oxygen by weight v 

SULPHUR 16. 

^Sulphur is found in the vicinity of volcanoes in large quan- 
tities^, being sublimed, or brought up from the depths below, by 
the heat of the volcano, wJiere it existed in combination with 
the metals. \ It is also found combined with various metals, 

What is the composition of this gas, and what its combining number 1 How is carbo- 
nic oxide formed 7 What are the chemical changes which take place in forming this gas 
by means of chalk and iron filings 1 What are the properties of this gas? What is Ha 
composition and combining number? In what situation is sulphur chiefly found 1 
Whence comes the sulphur found in the yicinity of ydcauoes? 
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forming sulphurets, a class of compounds hereafter to be ex- 
amined ; nor is it entirely wanting in the animal and vegeta- 
ble kingdoms, many substances in each containing it in small 
quantities. 

iSulphur is a well known brittle solid, of a greenish yellow 
color, which has little or no taste, but which emits a peculiar 
odour when heated, or rubbed/ 

rlts specific gravity is nearly 2, water being 1.^ \When 
hekted to a temperature a little above boiling water, it melts, 
and becomes completely fluid.) ^In this state it is cast into 
moulds, and is known in commerce under the name of roll 
brimstone. ^Uf-the heat is raised to 300°, it loses its fluidity, 
becomes viscid, and acquires a reddish color. If in this 
state it be poured into water, it becomes ductile, and is then 
employed to take the impressions of medals and seala) 
The color and texture of these false medals have the appear- 
ance of some metallic alloy, and those who are unacquaint- 
ed with their composition, taking them for such, are at first 
surprised at their lightness. 

When sulphur is heated to 500° in a close vessel, it rises 
in vapor, or sublimes^ and is condensed unchanged, except in 
form, which is that of an impalpable powder, well known 
under the name of flowers of sulphur. % In this manner it 
is purified. 

^ulphur combines with the earths, alkalies, the metals, and 
with several proportions of oxygen. > Its compounds are there- 
fore numerous, and some of them interesting. It has not 
been found combined with any substance in a less proportion 
than 16, >vith which it forms an acid, called the hyposulphur- 
ous, when united to 8 parts of oxygen. 

I Sulphur, so far as known, is a simple body ; all attempts 
to' decompose it, having proved fruitless.]/ 

SULPHUR AND OXYGEN. 

Sulphurous Acid — 32. 
1 p. Sulphur 16+2. p. Oxygen 16. 
When sulphur is burned in pure oxygen gas, the latter 



How is sulphur described 1 What is its specific gravity 1 At what degree of heal 
does sulphur melt 1 What is roll briirishme 7 How is sulphur prepared to talce the im- 
presBions of medals and seals 7 How are flowers of sulphur prepared 7 With what 
other bodies does sulpiiur combine 7 What is the lowest proportion in which eulpliur to 
known to combine 7 Is it an eieuieut or a compound 1 
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suffers no change of volume, but acquires a most sufibcating 
and pungent odour, and many new. properties, entirely differ- 
ent from those of oxygen. The compound so fonned is sul- 
phurous acid gas. *^Cji is colourless and transparent; extin- 
guishes flame and animal life ; and first turns vegetable blue 
colours to a red, and then destroys them. When diluted with 
a large proportion of atmospheric air, it is still so acrid as to 
produce a sense of suffocation and violent coughing on those 
who attempt to breathe it. J 

It is the same gas whicn is formed when sulphur is burned 
in the open air, but when burned with oxygen it is pure and 
undiluted. It possesses the property of bleaching linen, silk, 
straw, &c., and hence is employed by milliners and others 
for this purpose. 

(Its specific gravity is mdre than double that of atmospheric 
air, and hence it may be kept for some time in jars by mere- 
ly covering them with a piece of glass^' ^ Its equivalent com- 
position is 16 sulphur and 16 oxygen.^ ^[ts bleaching proper- 
ty may be shown, by introducing a red rose, or other coloured 
flower, into a jar containing it, which will soon become white. ^ 
The rose must first be moistened, otherwise the experiment 
will not succeed. < The colour may again be restored by an 
alkali.J This gas hsbi a strong disposition to unite with another 
proportion of oxygen, and hence it will revive some metallic 
oxides, by depriving them of their oxygen. 

This property may be used as the means of making an 
interesting experiment. 

cMake a solution of acetate (sugar) of lead in pure water, 
and with it moisten a piece of ribbon, or a small plant, such 
aTs a sprig of mint. The thing moistened of course presents 
no other appearance than if wet with common water, but when 
plunged for a moment into a jar of this gas, it comes out com- 
pletely covered with a coat of brilliant metallic lead. ^ 

This chemical change is thus explained. The acetate of 
lead is an oxide of the metal, dissolved in the acetic acid, or 
vinegar. The sulphurous acid having a stronger attraction 



How is sulphurous acid gas produced! What effect does this gas produce on flame, 
animal life, and vej^etable colors? How does this gas differ from that produced by 
burning sulphur in llie air 1 What is the specific gravity of this gas 1 What is its equi- 
ntlent composition 1 How may the bleaching property of this gas be shown! How may 
the color of the rose again be restored 1 How may a ribbon, or small plant, be covered 
with metallic lead by means of this gaal What are the chemical changes which tako 
place in reviving the lead by this acid? 
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for oxygen than the lead has, the acetate is decomposed by 
being deprived of its oxygen by the acid, and is thus revived, 
or brought to its metallic state* 

According to Mr. Faraday, the sulphurous acid is conden- 
sed and brought into the liquid state^^by being submitted to 
the pressure of two atmospheres, which is equal to that of 30 
pounds to the square inch."^ 

I This acid unites with metallic oxides, and forms salts, called 
suiphites.) 

Sulphuric Acid — 40. 

1 p. Sulphur 16+3 p. Oxygen 24. 

Oil of Vitriol. 

Sulphuric acid is an article of considerable consequence in 
commerce and the arts, and is prepared in large quantities in 
Europe and America. 

t^It was formerly obtained by the distillation of a well known 
substance called green vitriol or copperas, and was therefore 
called oil of vitriol^ The composition of this acid as above 
seen, gives it the name o( sulphuric aci<^;<and green vitriol, 
therefore, which is composed of this acid and iron, is the 
sulphate of iron.y 

cBy distilling this substance at a high heat, it is decomposed, 
and the acid is obtained in the form of a dense, colorless, 
liquid, of an oily appearance, which emits copious white 
fumes in the air. If this liquid be again distilled at a lower 
degree of heat, into a receiver surrounded ^v^th ice, there will 
pass over a colorless vapor, which will condense in the re- 
ceiver, in the form of a white crystalline solid. This solid 
is dry, or anhydrous sulphuric acid, so called, because it don- • 
tains no water.^ 

/The sulphuric acid of commerce, is this solid dissolved in 
water> (^This acid is prepared by the combustion of 8 parts 
of sulphur mixed with 1 part of nitre, in large chambers lined 
with sheet lead. The acid is formed in the state of gas, 
and is absorbed by a thin stratum of water placed on the floor 
of the chamber. The following is the theory of this* pro- 



Bow may this acid be condensed to a liquid state 1 Wliat are the salts called which 
this acid forms with metallic oxides ? How was suli^iuric acid formerly obtained 1 What 
b the chemical name of copperas 1 How is the dry, or anhydrous sulphuric acid pro- 
cured 1 Of what does the liquid sulphuric acid of commerce consist 1 Jkr ribe tfat 
mannerln which the sulphuric acid oi commerce is pnpared. 

14 
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cess. The salphurous acid, formed by the burning sulphur 
takes a portion of oxygen from the nitre, and is converted 
into sulphuric acid. This acid then combines with the potash 
of the nitre, and displaces nitrous and nitric acids in vapor. 
These vapors are decomposed by the sulphurous acid into ^ 
nitrous gas, or deutoxide of nitrogen. I'his gas, suddenly 
expanded by the heat rises to the roof of the chamber, where 
there is an aperture communicating with the open air. 
There it absorbs a portion of oxygen from the atmosphere, 
and is converted into nitrous acid vapor, which, being a heavy 
aeriform body, immediately falls down upon the sulphurous 
flame, and imparting a portion of its oxygen to the sulphur- 
ous acid vapor, converts it into sulphuric acid, which is then 
absorbed by the water. The nitrous acid vapor, being thus 
reconverted into nitrous gas, again ascends to the roof of the 
chamber for another dose of oxygen, with which it descends 
as before, and thus the process continues. 100 parts of ni- 
tre, and 800 of sulphur, will produce 2000 parts of the 
acid. 

J From Dr. Ures' paper on this subject, we learn that the 
common acid of the shops contains from 3 to 4 per cent^of 
foreign matter, consisting chiefly of sulphate of potash, and 
sulphate of lead, and that it often contains much more than 
these proportions, in consequence of the introduction of nitre, 
to remove the brown color, accidentally given the acid by bits 
of wood, or straw. 

iThe purest sulphuric acid obtained by the usual process, 
has a specific* ^^rivitv of about 1845, watt-r being lOOO.") If 
it is much heavier than this, adulteration by nieans of some 
ponderous substance may be suspected, and if much lighter, 
its strength wmII probably be found deficient in consequence 
of dilution with water. \ In consequence of the strong attrac- 
tion of this acid for water, with which it unites in all propor- 
tions, it absorbs moisture from the air with avidity, and thus 
when vessels containing it are left open, they gain in weight, 
instead of losing by evaporation. / If carboys of thfs acid are 
permitted to stand in a damp place, as in'a cellar, with the 
stoppers left out, there will probably be a gain in weight. 



What imparities does the sulphuric acid of romirerre always contain 1 Wliat pro- 
portion or these «ttbetance8 does the coiiunon etilphuric acid of the tha\ia contain 1 How 
naj the quariiity of foreign matter in this acid be ascertained 7 * What is the specifle 
gravity of the best sulphuric acid, oljtained by the iisuAl procfeta 1 What is aaid of Uae 
absorption of water by thla acid, when left open 1 . 
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which will amount to much more than the interest of the 
money the acid cost. It therefore becomes honest dealers, 
as well as careful buyers, to see that this acid is well secured 
from contact with the air. 

fl^his acid is one of the most caustic and corrosive of all 
substances. When mixed in the proportion of four parts of 
acid with one of water, the temperature of the mixture rises 
to 300*^.) (^Its extreme activity as a caustic seems to depend 
on its avidity for moisture, and the heal occasioned by the 
union. \ On the entire skin, when this is dry, it produces no 
immediate effect, but if there is the smallest erosion or 
scratch, it operates on that part instantly, and with the most 
intense and painful energy. The flesh appears to be first- 
burned, and then dissolved by its action. 

^In case of any accident, where the concentrated acid is 
thrown upOn the clothes or skin, as it is generally known that 
this acid burns, the spectators run for water, which is thrown 
on, with the intention of diluting the acid, and thus to prevent 
its farther action. This, though meant in kindness to the 
sufferer, might be the means of his destruction ; for the de- 
gree of heat, thus raised, would be sufficient to destroy his 
,skin, without the farther action of the acid. In such cases, 
there is much less danger in waiting until some potash, chalk, 
or even ashes, can be procured, and thrown on the part. 
Meantime, the sufferer should be stripped of the clothing oa 
which the acid has fallen, and the acid absorbed from the skin 
with a moistened sponge, or cloth, or even a handful of dry 
clay, thrown upon the part.^ 

Strong sulphuric acid boils at 620^, and freezes at 15° be- 
low zero. 

The dry acid is composed of 

1 equivalent of sulphur 16 ' 
3 do of oxygen 24 



40 



^^he common or hydro-sulphuric acid contains, in addition 



In what proportions does a mixture of this acid and water produce the greatest degree 
«f hi^ 1 On what does the eaustichy of this acid seem to depend 1 In case this acid m 
aceid^Uy thrown upon a person, what is said to be the best method of neutralizing its 
tlB^s 1 What is the composition of the dry acid 1 What quantity of water does th» 
strangest common add oontaint What is the equindeiit nmnber for the hydrosulplMh 
neacidY 
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to the above, one proportion of water, making its equivalent 
number 49. ) 

PHOSPHORUS — 12. 

-Phosphorus is a yellowish, inflammable solid, which in 
the open air emits white fumes, and at common temperatures 
is luminous in the dark.') 

(This substance has never been found in a simple state, but 
is combined with animal substances, in considerable quanti- 
ties, and is occasionally found in minerals.') 

^ It is obtained from bones by the following process. In 
the first place, the bones are calcined, or burned in an open 
fire, and then pulverized, and digested for two or three days, 
with half their weight of sulphuric acid, to which water is 
occasionally added. This solution is then mixed with twice 
its bulk of hot water, and the liquid separated by straining 
through a cloth. )(^y this process, the bones, which are com- 
posed of phosphoric acid and lime, are decomposed, and two 
new salts, viz., the sulphate of lime, and the biphosphate of 
lime, are formed. The sulphate of lime is insoluble in water, 
and therefore the filtrated solution contains only the biphos- 
phate, which is soluble. Thus, the bones, which are a phos- 
phate of lime, mixed with animal matter, are first deprived 
of this matter by burning, and then converted, in part, inta 
the biphosphate by the sulphuric acid. 'We have, then, in 
this stage of the process, a solution of the biphosphate, or 
acidulous phosphate of lime in water. This solution is then 
evaporated to the thickness of syrup, mixed with one fourth 
of its weight of charcoal in powder, and distilled with a strong 
heat, in an earthen retort. The charcoal combines with the 
oxygen of the biphosphate, which being thus decomposed, 
the phosphorus distils over, and is obtained in a vessel of 
water, into which the mouth of the retort is placed.'^ 

Phosphorus, thus obtained, is of a yellowish, or flesh color, 
but may be made colorless and transparent by re-distillation. 

j^This substance is exceedingly inflammabl0,' so that at 
common temperatures, it is necessary to preserve it under 
water, in well stopped bottles.? It may be set on fire by 
slight friction, or even by the heat of the hand. It is in- 



What is phosphorus 1 In what state is phosphorus found, in a simple or comhtneo 
state 1 Bj what progress is phosphorus obtained? Describe thedlfieretit chemicai 
changes which talce place in the process of its preparation. Wliat is said of ths Inflom 
inability of phosphorus 1 In what manner must it bo preserred fixun the air 1 
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80iuble in water, but is soluble in ether or oils, to which it 
communicates the property of shining in the dark. 

/Put a piece of phosphorus into a vial half filled with olive 
ou, then keeping the thumb on the mouth of the vial, warm 
the bottom, shaking it now and then, until the phosphorus is 
melted.) ^his forms liquid phosphorus, and a vial thus pre- 
pared, may be occasionally useful to show the hour of the 
night by a watclO All that is necessary for this purpose is 
to hold the vial in the hand for,a few minutes, until it becomes 
warm, then take out the cork, and the union of the oxygen 
of the air with the phosphoruSi will evplve sufficient light to 
see the hour. 

CThat the light is owing to the combination of oxygen with 
the phosphorus, or to its slow combustion, in the above in- 
stance, is proved by the fact, that phosphorus may be melted, 
and sublimed in pure nitrogen, without the least appearance 
of light.^ Its combustion in oxygen gas is exceedingly vivid, 
and affords a striking and splendid experiment for a public 
lecture room. 

V^yhen taken into the stomach, phosphorus proves a viru- 
lent and deadly poison, though in minute doses, it has been 
used as a medicine, when dissolved in ether. '^^ 

PHOSPHORUS AND OXYGEN. 

Phosphoric Acid — 28. 
1 p. Phosphorus 12+2 p. Oxygen 16. 

( Phosphorus, as above stated, unites with oxygen with great 
lapidity, and affords an instance of intense chemical action, 
attended with the most brilliant phenomena. * Xhiring thi^ 
combustion, copious white vapors are produced, which fell to 
the. bottom of the vessel in which the experiment is made, 
like flakes of snow. This white vapour is the dry, or anhy- 
drous phosphoric acid./ ttf exposed to the air, it soon attracts 
moisture in sufficient quantity to dissolve it, and thus becomes 
liquid phosphoric acid. 



How is liquid phosphorus prepared 1 For what purpose may a rial of this mixture \m 
asefull How is it proved that the luminous appearance of phosphorus is owing to tha 
absorption of oxygen 1 What is said of the poisonous quality of this gas when taken Into 
Uie stomach 1 What is said of the union of phosphorus and oxygen 1 In what form dots 
Iha dry phosphoric acid appear 1 Why does this acid become liquid on ezponirt to lilt 
jairl By what other method may this add be formiedl 

14» 
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I This acid may also be formed by tbe action of nitric acid 
on phosphoras. The anion is made by dropping pieces of 
phosphorus into the strong acid.^ (The phosphorus absorbs 
one proportion of oxygen from the acid, thus converting this 
acid into the dentoxide of nitrogen, or nitrous gas, which es- 
capes in immense volumes during the process. The phos- 
l^rus is thus converted into phosphoric acid, which is ob- 
tamed in the solid form by evaporating the solution to dry- 

:Pno8phoric acid unites with water in all proportions, and 
produces a small degree of heat during the solution. Its taste 
18 intensely sour, but it is not corrosive. (When heated in 
contact with charcoal, the latter absorbs its oxygen, and thd 
pliosphoric acid is converted into phosphorusr] 
(^ This acid combines with various bases, and forms a clasK 
of compounds called phosphates. Its composition is 

1 proportion of phosphorus 1 2 

2 do. of oxygen 16 

Consequently its equivalent is 28 o 
Phosphorous Acid — 20. 
I p. Phosphorus 124-1 p. Oxygen 8. 

^his acid is obtained by exposing pieces of phosphorus to 
the open air, in consequence of which it spontaneously ab- 
sorbs oxygen, and undergoes a slow combustion. "1 

If two or three sticks of phosphorus be thus exposed in a 
glass funnel, set into the mouth of an empty bottle, the acid 
will be formed, and by attracting moisture from the air, will 
be dissolved, and pass down into the bottle, where at first may 
be found a quantity of liquid phosphorous acid. (JThis acid 
combines with different bases, and forms salts which are 
called phosphites^ Phosphorous acid, when exposed for some 
time to the air, aosorbs another proportion of oxygen, and is 
then converted into phosphoric acid. Indeed the acid fonpa- 
ed by this method, is probably always mixed with the phos- 
phoric acid. 

There are several other compounds of phosphorus and 
oxygen, but these are the most important. The phosphates 
will be described in their proper place. 

When phosphorus is thrown into nitric acid, what are the chemical changes which 
M Mu e 1 In what manner does charcoal convert phosphoric acid into phosphorus 1 What 
kKtha composition and what the combining number of this acid ? How is phosphorous 
•oidobttuBedl Wiiat are the salts caUed which this acid fomu with the dUIhzttittbMwt 
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^ BORON 8. 

There is a solid substance, resembling alum in appearance, 
which is used in medicine and the arts, under the name of 
borax. From borax there is extracted an acid, ccdled the 
boracic acid. When boracic acid is heated in contact with 
the metal colled potassium, the metal, having a strong affinity 
for oxygen, deprives the acid of that principle, and thus its 
base, called boron, is set free. This, so far as is known, is 
an element. Boron is insoluble in water, alcohol, or oil. It 
may be exposed to the strongest heat in a close vessel, with- 
out change^ but when heated to about 600° in the open air, 
it takes fire, burns vividly, and by the absorption of oxygen, 
is again converted into boracic acid. 

Boracic Acid. — This is the only known compound of boron 
and oxygen. It is a natural product, occasionally found in 
springs, and also in several salts, of which borax, or the bo- 
rate of soda is the principal. ^ 

(The acid may be obtained from the borate of soda, by dis- 
solving that substance in hot water, and then adding sulphuric 
acid until the solution becomes sour.' Sulphuric acid com- 
bines with the soda, forming sulphate of soda, or Glauber's 
salt, while the boracic acid thus set free, is formed when the 
water cools, in small crystals. (It is not readily soluble in 
water, but alcohol dissolves it freely, which being set on fire, 
burns with a beautiful green flame. This green flame is a 
good test of the presence of boracic acid in any composition. '^ 

This acid is composed of 

Boron 1 proportion 8 
Oxygen 2 do. 16 

The combining p. of this acid is therefore 24 

CHLORINE — 36. 
Ozymuriatic Acid, 

This highly important and useful gas is obtained by the 
action of muriatic acid on black, or peroxide of manganese. 
The most convenient mode of preparing it is by mixing strong 

How is boron obtained 1 Is boron a compoand, or an elementary body 1 What an 
the properties of boron 1 What is boracic acid 1 How may boracic acid be obtained t 
What is the common name for borate of soda 1 What is Uie best test for the presence of 
boracic acid 1 Wliat are the elemeois of boracic acid, and what is its combining i 
bsri How is dilorine obtained 1 \ 
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muriatic acid, contained in a retort, with half its weight of 
the black oxide of manganese in fine powder, and then ap- 
plying a gentle heat. The gas may be received in glass bot- 
tles filled with water, and inverted in the pneumatic cistern, 
in the usual way. The water should be warmed, to prevent 
absorption. 

A cheaper mode of obtaining this gas, is to mix three parts 
of sea-salt, powdered with one of the manganese, in a tubu- 
lated retort, (Fig. 33,) and then to pour in two parts of sul- 
phuric acid, diluted with an equal quantity of water. By the 
heat of a lamp, the gas will be extricated in abundance. Jt 

fThis gas is of a yellowish green color, the name, chlorine, 
in Greek, signifying green. It has an astringent taste, and 
is so exceedingly suffocating, that a bubble or two let loose ^ 
in a room, will excite coughing and a sense of strangulation, i 
Cold water, recently boiled, will absorb twice its volume of 
chlorine, which it gives out again on being heated. 

The specific gravity of this gas is 2.5, so that it is more 
than twice as heavy as atmospheric air. 100 cubic, inches 
weigh 76.25 grains, while the same quantity of common air 
weighs only 30.5 grains. 

Chlorine was formerly called loxymuriaiic acidMiora the 
opinion that it was composed of muriatic acid ana oxygen. 
But according to the logic of chemistry, it is now universally 
considered a simple body, having never been decomposed, 
though repeatedly submitted to the most active decomposing 
agents known to chemists. fSir H. Davy submitted it to the 
most powerful effects of galvanism, and to charcoal heated to 
whiteness, without decompositionjfand without separating the * 
least trace of oxygen from it. ^ I^Hence, according to the pre- 
sent state of knowledge, it is an elementary body.^ 

-Chlorine is a supporter of combustion.' When a lighted 
taper is plunged into this gas, it burns with a small red flame, 
emitting a large quantity of smoke. ' Phosphorus takes fire 
in it spontaneously, and so do several of the metals. 

Fill a deep bottle, or large tube, with this gas, and set it 
upright, with the mouth covered by a plate of glass. Have 
some antimony prepared, by being pounded in a mortar; 

What are the two processes, described, of obtaining it 1 What is said of the co> 
lor and suffocating effects of this gas 1 What is its specific gravity 1 What was 
the former name of this gas 1 Does this gas contain any oxygen ? What is said of tht 
•xperiraenta of Sir II. Davy on chlorine 1 Is this an elementary, or a comiiound body 1 
b chlorin« a supporter of combustion 1 What substances talre fire in this gas sponUM* 
sudyl 



CHLORINE AND HTIOROOEN. 165 

then slide off the cover and pour in the metal. It will take 
fire before it reaches the bottom, and afibrd a beautiful show- 
er of while flame. ) This affords an elegant and striking ex- 
periment. The metals, tin, zinc, copper, arsenic, and even 
gold, when in the state of powder, or thin leaves, will be in- 
flamed in the same manner. 

/ Chlorine has a very strong attraction for hydrogen, but it 
is through the mysterious influence of light that the combi- 
nation between the two substances seems spontaneously to be 
effected. 

Thus, when a mixture of these two gases is kept in the 
dark, no combination ensues, but if exposed to the direct 
light of the sun, they combine suddenly, and with a violent 
detonation. ' 

(This gas, though formerly called an acid, does not appear 
to possess any acid properties. " It is not sour to the taste, 
nor does it redden vegetable blue colors, properties nearly 
universal in the acids. 

But the most important property of chlorine, is its bleach- 
ing power,'' all vegetable and animal colors being discharged 
by its action. For this purpose, it is combined with quick- 
lime, foTming(chloride of lime, or bleaching powder] an arti- 
cle very extensively employed at the present time, and which 
^ will be described, and its properties examined, in its proper 
place. 

Another very important property of chlorine is its disin- 
fecting power, any infectious or disagreeable odor being al* 
most instantly destroyed by it./ For this purpose, the chloride 
of lime is also chiefly employed. The compounds of chlo' 
rine which are not acid, are called chlorideSt or cklorurets. 
When chlorine, united to oxygen, combines with a base, and 
forms a salt, it is called a chlorate. These were formerly 
called hyper oxy muriates. They possess no bleaching proper- 
ties. 



In what nuuiner may a sliower of flame be made by this gas and a metal 1 What ki 
■aid of the union between this gas and hydrogen 7 Does chlorine contain any of the pro- 
pertied of an acid 1 What is the most important property of chlorine 1 What does chlo- 
rine form, when combined with quicklime 1 Wliat other important and useful property 
luN this gas 1 What are the oompounds of chlorine, which are not acid, called 1 
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ClfLORINE AND HYDROGEN. 

Muriatic Acid — ^37. 

1 p. Chlorine 36+1 p. Hydrogen 1. 

/We have just seen that chlorine has a strong affinity for 
hydrogen, but that no union takes place between them, with- 
out the influence of light, i (When the light is entirely exclu- 
ded, a mixture of these gases remains without change.) 
( When the mixture is made in a glass vessel, and exposed to 
the light of day in the shade, the gases, if of equal volumes, 
slowly combine, and form muriatic acid gas.^ /But when the 
mixture is exposed to the direct rays of the sun, the union is 
sudden, and attended by an explosion. ) 

This combmation does not change the volume of the origi- 
nal mixture, but the properties of the two gases are greatly 
changed. If the vessel in which the experiment has been 
made is unstopped under water, the fluid will in a few mo- 
ments entirely absorb its contents, and fill the vessel in its 
' place, while the two gases, before combination, were absorbed 
by water only in small proportions. The peculiar odor of 
chlorine, and its prompt bleaching property, are also destroy- 
ed, and other change of properties will become apparent on 
further examination. 

The compound formed by the union of chlorine and hy- 
drogen is calledl muriatic acid gas. \ This gas is composed 
by w^eighl of ^ 

1 equivalent of- chlorine 36 
1 do. of hydrogen 1 

Combining weight of muriatic acid gas 37 
The production of muriatic acid by the combination of its 
elements, is designed to prove its constitution, and combining 
proportions. This acid is, however, much more readily pre- 
pared, by the action of sulphuric acid on common salt. ^ 

If the salt be pulverized and mixed with an equal weight of 
the acid, and then the heat of a lamp applied, muriatic acid 

When a mixture of hydrogen and chlorine is kept in the dark, what change takw 
place ? When placed in the shade, what is the effect? When the mixture is placed in 
the sun, what effect is produced 1 Wliat are the changes produced on these gases by this 
combination 1 Wh^ is the name of the new gasi What is said of tiie absorption by 
water of chlorine, and hydrogen, and also of muriatic acid gas? What is the composition 
of muriatic acid gas, and what is its combining number 1 How is this gas most readily 
•ad conveniently prepared 1 
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gas will be disengaged. But it must not be received over 
water, which will absorb several hundred times its own bulk 
of this gas. 

Muriatic acid gas is a transparent, elastic fluid, of a very 
pungent smell, and intensely acid taste. Its attraction for 
water is so great, that when it escapes in the open air, even 
in the dryest season, it instantly forms a white cloud^in con- 
sequence of combining with the moisture of the atmosphere.) 

(Water, at the temperature of 40°, absorbs 480 times; its 
bulk of this gas, and the solution is known under the name 
of (muriatic acid, or spirit of sea ^aZ^and is largely employ- 
ed Tor chemical and manufacturing purposes. 

This acid is prepared, in the large way, by extricating 
the gas from sea salt, by sulphuric acid, as above described, 
tind then passing a current of it into water, as long as any is 
absorbed. It forms, with the different bases, a class of salts, 
called muriates. 

When this gas, in a pure state, is submitted to the pressure 
of (40 atmospheres, that is, 600 pounds to the square inch, it 
is condensed into a liquid. 

CHLORINE AND OXYGEN. 

(There are four compounds of chlorine and oxygen, formed 
by the union of as many different proportions of the Oxygen 
to the same proportions of chlorine. These compounds are 
known only to chemists, andTwith the exception, perhaps, of 
chloric aci(5, possess no value in the art.* They are all form- 
ed by the action of an acid on the chlolrate of potash, or the 
chlorate of barytes. The chief interest which these sub- 
stances possess, in a chemical relation, is their strict con- 
formity to the lavi'S of definite and multiple proportions. 
Their names and constituents are as follow : 

Protoxide of chlorine, 36 chlo'rine + 8 oxygen. 
Peroxide of chlorine. 36 " +32 " 
Chloric acid, 36 " +40 " 

Perchloric acid, 36 " +56 " 



Why does muriatic acid gas fcrm o white cloud in the open alrl How many timet 
its own bulk of this gas will water absorb 1 Under what name is this solution of gas in 
water known 7 How is the muriatic acid of commerce prepared 1 Under what pressurs 
is this gas condensed into a liquid 1 How many compounds of chlorine and oxygen are 
known 1 Do the compounds of chlorine and oxygen possess any value in the arlsl la 
what relation are the compounds of chlorine and oxygen interesting; 1 
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Tl-fls, the first is composed of 1 proportion of chlorine 
comhined to 1 of oxygen. The second, 1 of chlorine and 4 
of oxygen. The third, 1 of chlorine and 5 of oxygen. 
The fourth, 1 of chlorine and 7 of oxygen. 

The equivalent numbers, therefore, for the first, is 36+8= 
44; the second, 36+32=68 ; for the third, 36+40=76 ; and 
for the fourth, 36+56=92. 

CHLORINE AND NITROGEN. 

Chloride of Nitrogen- — 158. 
4 p. Chlorine 144+1 p. Nitrogen 14. 

This curious compound was discovered by Dulong, a 
French chemist, in 1811. / Chlorine and nitrogen have but 
a very slight affinity for eath other, but they may be made to 
combine, by passing a current of the first through a solution 
of nitrate of ammonia.\ i( Nitric acid, /it may be remembered, 
consists of the two elements, oxygen and nitroj^en, /and am- 
monia] is composed of hydrogen and nitrogen.^ By tne union 
of these two compounds, nitrate of ammonia is formed.) To 
prepare chloride of nitrogen, dissolve an ounce or two of the 
nitrate of ammonia, in 1 4 or 16 ounces of hot water, and when 
the solution has cooled to about 90 degrees, invert in the solu- 
tion a glass jar, with a wide mouth, filled with chlorine. The 
solution gradually absorbs the chlorine, and consequently, 
rises in the jar, at the same time acquiring a yellow color. 
In about half an hour, minute globules, of a yellow fluid, like 
oil, are seen floating on its surface. These, by uniting, ac- 
quire the size of small peas, when they sink to the bottom of 
the vessel. These globules are the chloride of, nitrogen. 
They are formed by the decomposition of the ammonia, in 
the solution ; the chlorine combining with its nitrogen, and 
thus forming the compound in question. A cup of lead, or 
glass, should be placed at the bottom of the solution, and 
under the mouth of -the jar, to receive the product. 

The chloride of nitrogen is the most violently explosive 
substance yet discovered, and should not be experimented 



What ie the atomic weight, or chemical equivalent of chlorine 1 What are the namee^ 
and what the combining numbers, of the four compounds of chlorine and oxygen 1 What 
Ib said of the affinity between chlorine and nitrogen 1 What is the composition of nitrat« 
of ammonia 7 How is the chloride of nitrogen prepared 1 What chemical changes taka 
plaa^ in the formation of chloride of nitrpgen 1 What cautions are giren with respect 
to ezperixneoting on this compound 1 
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upon by the student, in quantities larger than a mustard-seed 
at a time, and even in this quantity, with great caution^ Both 
its discoverer and Sir H. Efeivy, notwithstanding their expe- 
rience and caution as chemical experimenters, were seriously 
injured by its violence, f At the temperature of about 200 de- 
grees, it explodes, andat^common temperatures, when thrown 
on some combustible.' When a small globule is throwm into 
folive oil, or spirit of turpentine,'* it explodes with such vio- 
lence as to shatter any vessel of glass in pieces. 

^The violence of its detonation is owing to the great vo- 
lume of the products which are formed at the instant. The 
compound consists wholly of the two gases, chlorine and ni- 
trogen, condensed, and combined with each other. When, 
therefore, the explosion takes place, these two elements as- 
sume their gaseous forms, thus, in an instant, occupying a 
▼ast space, when compared to their former state. ^ 
Chloride of nitrogen consists of 

1 equivalent of nitrogen 14 
4 do. of chlorine 144 

Making its number, 158 

IODINE — 124. 

The next simple substance we shall examine, is iodine. Its 
name signifies, in Greek, "violet colored," because, whon in 
the state of vapor, it is of a most beautiful violet color. 

Iodine was discovered at Paris by a manufacturer of nitre, 
in 1812. This substance is obtained from the ley made of 
the ashes of marine vegetables, or from the substance called 
kelp or barilla, which is an impure alkali, made during the 
manufacture of soda. The process is as follows : 

Dissolve the soluble part of kelp, or the ashes of sea-weeds 
in water ; concentrate the solution by evaporation, when crys- 
tals of carbonate of soda will appear, which must be sepa- 
rated. Then pour the remaining liquor into a clean vessel, 
and mix with it an excess of sulphuric acid. Boil this liquid 
for some time, and then strain it through a cloth. Put this 



At what temperature does this compound explode 1 What combustible subetances 
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liquid ifito a small flask, and mix with it as much Llack oz« 
ide of manganese by weight, as there was sulphuric acid ; 
then attach to the mouth of the flask a glass tube, closed at 
the upper end, and apply the heat of a lamp to the flask. 
The iodine will be sublimed, and will attach itself to the tuba 
in small brilliant scales resembling black lead. 

Iodine thus obtained is a friable solid, with a brilliant me- 
tallic lustre, and bluish gray color. /Its taste is hot and acrid« 
and it is sparingly soluble in water. It corrodes the cork of 
the vial in which it is kept, and escapes4-is a strong poison 
when taken in large doses : but in solution with alcohol, 
which dissolves it freely, has ^een considerably used as a 
medicine. ', 

/ When heated in a retort to about 250 degrees, it -evaporates, 
and fills the vessel with an exceedingly rich violet colored 
gas.'^ As the retort cools, it again condenses in fine brilliant 
points resembling frost on the glass. ^ If exposed to the open 
air it slowly evaporates, and if handled, it leaves a brown 
stain on the fingers.' 

( Iodine resembles chlorine in smell, and in some of its pro- 
perties, particularly in destroying vegetable colors.^ Like 
oxygen and chlorine, it is a non-conductor of electricity, and 
is a/negative electric^ ^o far as is known it is a simple body^ 
' It has a strong attraction for the pure metals, and the simple 
non-metallic substances, such as sulphur and phosphorus. "N 
These compounds are called iodides. 

From experiments made by Dr. Thompson, the atomic 
weight of iodine is! 124.) 

(The best test for iodine in its free state is starcb^with which 
it JTorms an insoluble compound in water, of a deep blue co- 
lor. This test is so delicate as to indicate the most minute 
portion of starch in solution. 

Iodine combines with hydrogen, oxygen, and chlopne, 
forming hydriodic acidt iodic acid^ and cklor iodic acid. Among 
these, the hydriodic acid, only, is of any importance or use. 
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*' -. IODINE AND HYDROGEN. 

i^' Hydriodic Acid — 125. 

1 p. Iodine 124+1 p. Hydrogen 1. 

When iodine is heated in a porcelain tuhe with hydrogen 
gas, the two substances combine and form a compound in the 
form of a gas, which has acid properties, and which is rapidly 
absorbed by water. This is the hydriodic acid. 

^This gas is without color, is very sour to the taste, re^idens 
che blue colors of vegetables, and has an odor similar to 
muriatic acid gas. 
( It combines with alkalies, forming salts, called hydriodates,) 
^'The discovery of iodine was one of the means of subvert- 
ing the former doctrine, that oxygen was the universal acidi- 
fying principle,fthe above instance showing that compounds, 
having all the properties of acids, are formed by the combi- 
nation of hydrogen with iodine.^ 'Several other' instances of 
similar nature have been discovered, as in the case of mu- 
riatic acid.\ ( These instances appear, however, to be only ex- 
ceptions to a universal principle, oxygen being still th^^^^ 
knowledged agent by which most acids are formed. N ^B^ 

Hydriodate of Potash. This is given a place here, instead 
of among the salts, because it is the only salt of the kind to 
be described, and because, in manufacturing this compound, 
the method of obtaining the hydriodic acid is different from 
that stated above. It is the only hydriodate of any use or 
importance, and does not exist as a salt in a separate state, 
Dut only in solution. 

In preparing hydriodate of potash for medicinal use, the 
preliminary labor of forming the acid may be dispensed 
with, and the salt in solution, may be formed by a very simple 
process, as follows : 

Add to a hot solution of pure caustic potash in water, as 
much iodine as it is capable of dissolving. This will form a 
flolution of a reddish brown color, consisting of the iodate 
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and hydrlodate of potash, together with an excess of free 
iodine. 

Through this solution, a current of sulphuretted hydrogen 
gas is transmitted, until the free iodine and iodic acid are 
converted into hydriodic acid,^hanges which may he known 
to he accomplished by the appearance of the liquid,*) which 
will gradually lose its brown color, and becomiB colorless and 
transparent. The solution is then heated to expel the re- 
maining sulphuretted hydrogen, and after being filtered, is 
pure hydriodate of potash, in aqueous solution. This solu- 
tion is considerably employed, as a medicine, in scrofula, and 
other glandular diseases. 

BROMINE 75. 

The name bromine is from the Greek, and signifies a 
" strong, or rank odor." 

Bromine, after, undergoing various and multiplied torture^ 
by means of the most j^werful decomposing accents, is ar- 
ranged as an elementary body, having endured fire, galva- 
nism, &c., without loss of integrity. 

It was discovered by Balard, of Montpelier, in 1826, and 
^Ktj^ iodine, exists in the ashes of marine vegetables, and also 
^msea water. 

The process of extricating it is too intricate to be detailed 
in this work, nor would it ever be undertaken by pupils in 
chemistry, fojf >yhich this, book is designed. 

Bromine is a fluid of a hyacinth red color, when viewed 
by transmitted light; but of a blackish red, when seen in the 
ordinary manner, or by reflected light. Its odor resembles 
that of chlorine, but is much more disagreeable. Like iodine^ 
it corrodes wood o-r cork, and stains the fingers of a yellow- 
ish hue. Its specific gravity is 3. It is a strong poison. 
It is volatile at common temperatures, and emits red vapors 
similar to those of nitrous acid. 

A lighted taper is soon extinguished by it, but before goinff 
out it burns with a ijame which is green at the base and rea 
at the top. 



How \m it known when a sufficient quantity of sulphuretted li/drogen has been { 
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( Bromine does not turn blue vegetable colours red, but like 
chlorine, destroys them.) 

From these properties it will be observed, that this new 
substance has many characters in common with iodine and 
chlorine. 

Bromine combines with oxygen, hydrogen, and chlorine, 
but these compounds are little known, and of no interest ex- 
cept to professed chemists. 

Its equivalent number, as seen at the head of this section 
is 75. i^ 

Fluoric Acid — 10. 

It is a singular circumstance in chemistry, that the base of 
the fluoric acid ^s never been detachea from the acid 
itself/ notwithstanding every effort has been made on the 
part of the chemists to effect a separation. (It will be re- 
membered, that all the other acids consist of a l)ase united to 
an acidifying principle, and that the two elements have been 
examined in separate states, j Thus, sulphuric acid consists 
of sulphur and oxygen ; carbonic acid, of carbon and oxy- 
gen, &c. 

The base of this acid, however, has been named jfeorine, 
(^but whether this is united to oxygen, as the acidifying prin- 
ciple, or whether such a base exists or not, is unknown. ) Flu- 
oric acid must, therefore, at present, be examined as a simple 
body, or in connection with substances to which it unites. 

This acid exists in nature in considerable quantities, being 
found combined f with lime, forming the sah called fiuate of 
lime, but more commonly known under the name of Derbyshire 
spar. ) This latter substance is found crystallized, and of va- 
rious colors intermixed, forming, when polished, one of the 
most beautiful productions of the mineral kingdom, it is in 
common use, for vases, candlesticks, snuff'-boxes, &c. 

To obtain fluoric acid, a quantity of fluate of lime is pow- 
dered, and submitted to the action of twice its weic^ht of strong 
sulphuric acid, in a retort of lead. On the appTic'ation of a 
gentle heat to the retort, the acid distik over, and must be 
received in a leaden vessel. I 
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J^V- 69. The retort, atid receiver, Tig. 

59, made of sheet lead, and 

'^soldered together on the edges, 

and the juncture between them 

stopped with a lute of clay, will 

answer very well. The white fluor must be selected for this 

Surpose, as being most pure. It is first put into the retort, 
le acid poured in, and then connected with the receiver, 
which must be surrounded with a mixture of common salt 
and snow, or powdered ice. 

Fluoric acid, at the temperature of 32°, or the freezing 
point, (is a colourless liquid, land will retain its liquid state, 
if preserved in well stopped vessels, when the temperature is 
60°. But, if exposed to the air when the temperature is 
above 32°iat flies off in dense white fumesj which consist of 
the acid, and the moisture of the air witK which it com* 
bines. 

No substance with which we are acqiiainted has so strong 
an affinity for water as fluoric acid. \Its liquid state appears 
to be owing to the water which is di^illed over from the sul- 
phuric acid during the process of obtaining it, and no process 
yet devised hzw succeeded in freeing it entirely from mois^ 
ture. When a single drop is let fall into water, a hissing 
noise is produced, like that occasioned by the plunging of a 
red hot iron into the same fluid, such is the heat produced 
by its combination with water. 

f In experimenting with this fluid, the utmost caution is ne- 
cessary ; for no substance so instantly and effectually disor- 
ganizes the flesh, and produces such deep and obstinate ulcers^ 
as this. The least particle would inevitably destroy an eye, 
or create an obstinate ulcer on any other part.N 

Fluoric acid has the singular property of corroding glass,") 
and may be used for this purpose in the fluid state, as above 
described, or in the gaseous form, the latter of which is com- 
monly the most convenient. 

Any design may be etched on glass, by the following sim- 
ple method : 

First, cover the glass with a coat of bees wax, or engravers' 



What is tiM a]i|warane» of fluoric acid at the temperature of 32 degrees 7 What is \m 
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■i fh o d of making designs on gHamL 
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tarnish.. If wax is used, it must be spread over the sur&ce 
as thin as possible. This is done by heating the glass over 
a lamp, and at the same time rubbing it with wax. A thin 
and even coat may thus be obtained. 

Next draw the design by cutting the wax with a sharp 
pointed instrument, quite down to the glass, so that every line 
may leave its surface naked ; otherwise the design will be 
spoiled, since the acid will not act through the thinnest film 
of the wax. A large needle answers for a graver for this 
purpose. 

Having made the design, the etching is done by placing 
the glass in a horizontal position and pouring on the liquid 
acid. But a simpler method is the temporary extrication of 
the gas from the fiuor spar, for the occasion. For this pur- 
pose, take a lead or tin cup, large enough to include the 
figures on the glass, the lower the better, and having placed 
on its bottom a table spoonful of powered spar, pour on it a 
quantity of strong sulphuric acid sufficient to form a paste. 
Then place the glass on the cup, as a cover, with the etching 
downwards, and set the cup in a dish of hot water, or apply 
to it the gentle heat of a lamp, taking care not to melt the 
wax. In twenty or thirty minutes the etching will be finished, 
and the wax may be removed with a little spirit of turpen- 
tine. In this manner, figures of any kind may be perma- 
nently and beautifully done on glass. 

COMBINATIONS OF SIMPLE NON-METALLIC COMBUSTIBLES 
WITH EACH. OTHER- 
CARBON AND HYDROGEN. 

Carburetted Hydrogevr-^' 
1 p. Carbon 6+2. p. Hydrogen 2. 

Light Carburetted Hydrogen. 

This gas has also been called hydro-carburet, and heaf>y 
inflammable ai/r.) 

It exists in eveiry stagnant pool of water, -especially during 
he warm season, being generated by the decomposition of 
vegetable products. 

To obtain it from such places, fill a glass jar with water. 



After the design Is formed, in what manner is the etching done 1 "What are the n 
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and invert it in a stagnant pool or ditch; then stir the mud 
under it with a stick, and the gas will rise and displace the 
water in the jar. To preserve it for examination, slide a dish 
under the mouth of the jar while in the water, and then 
carefully raise, and carry the whole to the place of experi- 
ment. 

The gas- so obtained is found to contain a proportion of 
carbonic acid gas, which may be removed by passing it 
through lime water. 

This gas is composed by weight of 

1 equivalent of carbon 6 

2 do. of hydrogen 2 

8 
(It is immediately destructive to animal life, and will not 
support combustion. ^ It is highly inflammable, and bums 
with a yellowish blue flame,i but owing to the carton it con- 
tains, it gives considerably more light than pure hydrogen.^ 
Mixed with atmospheric air, like hydrogen, it detonates 
powerfully when inflamed. When burned with oxygen, the 
product of the combustion is water and carbonic acid. 

There appears to be several varieties of light carburetted 
hydrogen, or perhaps the diflference may depend on a mixture 
of the light and heavy kinds. If a volume of steam be sent 
through a red hot gun barrel filled with charcoal, the gas 
obtained diflfers little in its illuminating powers from that ol> 
tained from stagnant pools. Nor is there any material dif- 
ference between these and that evolved by the burning of 
common wood, such as maple or beech, in a gun barrel. But 
if pine wood containing turpentine, be heated in the same 
manner, the gas obtained has much greater illuminating pow- 
ers, the brilliancy of the flame being nearly equal to th^t of 
oil gas. Now as by analysis there appears to be only two 
kinds, or varieties, of carburetted hydrogen ; in the first of 
which there is but one proportion, and in the second two 
proportions of carbon, it is most probable that these diflferent 
powers of illumination depend on a mixture of the two gases. 



How may it he obtained from stagnant pools of water? What gas is commonly fimnd 
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This gas sometimes exists in large quantities in coal mines, 
and is known by the miners under the name of rfir^'damp.\ 
The most shocking accidents have often occurrea in conse- 
quence of the explosion of this gas in the mines, when mixed 
with atmospheric air. In some mines, this gas flows from the 
coal beds in vast quantities,]^ being obviously the product of 
the decomposition of water By the coal. \ But in what manner 
the water is decomposed, is unexplained. Did the process 
consist in the formation of sulphuric acid, in consequence of 
the oxygenation of the sulphur, and the subsequent action of 
this acid on the iron, of the sulphuret of iron, there would be 
formed sulphuretted^ instead of carburetted hydrogen. 

There are no facts, it is believed, which warrant the suppo- 
sition, that in ordinary cases, the decomposition is consequent 
upon the heat, or ignition of the coal. Possibly in such vast 
bodies of coal as are found to exist in some mines, the water 
is slowly decomposed, by gradually imparting its oxygen to 
the carbon, without the aid of heat. 

(We have already stated, that w hen carburetted hydrogen is 
mixed with atmospheric air, and inflamed, a violent explosion 
is the consequence.'N ^n the coal mines of England, the mix- 
ture of atmospheric air and the gas in question, often produ- 
ces such an explosive compound, jvit appears that the miners 
have no certain means of ascertaming the presence of this 
gas, probably because, being much lighter than the atmos- 
pheric air, it at first rises to the roof of the mine, and then 
gradually descends towards the floor. ) As the miners work 
entirely by the light of lamps, one of which is suflicicnt to 
set fire to the explosive compound existing throughout the 
whole cavern, it is obvious, that as soon as the hydrogen has 
mixed with the air near the floor of the mine in the explod- 
ing proportions, it must inevitably take fire. It can readily 
be imagined, particularly by those who have witnessed the 
detonation of a pint or two of this compound, that a quantity 
covering many acres of surface, and extending upwards in 
some places, at least, several hundred feet, must produce the 
most awful consequences. 



Under what name is this gas known, when it occurs in coal mines 7 In what manner 
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Such explosions have often taken place in the coal-minei 
in different parts of England. pFhat which happened in a 
mine called Felling colliery, in Northumberland, on the 25th 
of May, 1812, was attended with the loss of 92 lives, } and 
spread poverty and wretchedness throughout the whole dis- 
trict. Most of these men had wives and children, who de- 
pended entirely on their daily labor for support, and who, 
in addition to the loss of their husbands and fathers, by so 
sudden and awful a death, were in a moment deprived oi the 
means of subsistence. 

This mine had been wrought a century or more, and only 
a single accident from fire-damp had before happened, and 
this was so trifling, as only to slightly burn two or three 
workmen. Twenty-five acres of coal had been excavated in 
this mine, and the number of men employed under ground, 
at the time of the accident, was 128. The explosion took 
place between the hours of 1 1 and 12 in the morning. The 
fire was seen to issue froiii two shafts leading to the mine, 
and called William and Jo/in, and at the same instant, the 
noise of the explosion, which was heard three or four miles^ 
and the trembling of the earth, showed that an awful acci- 
dent had happened there. 

The force of the expanded gas was such as to throw from 
the tAvo shafts immense clouds of dust, and small coal, which 
rose high in the air, and also pieces of wood and working 
implements, which fell back near the shafts. As soon as the 
explosion was heard, the wives and children of the colliers 
came by hundreds to the place. But not a single person 
who was in the mine during the accident, was to be seen. 
Terror and dismay was pictured on every countenance; some 
were crying out for a father, some for a son, and others for 
a husband. 

The machinery for entering the mine, being shattered by 
the blast, it was at first impossible to go down, but the urgency 
of the occasion soon impelled those present to find the means 
of entering the shaft ; and in about half an hour from the 
time of the explosion, 32 persons, all who remained alive out 
of 121, who were in the mine, were brought out. It appear- 
ed that of the whole number of the workmen, seven had 
come up, on different occasions, before the explosion, and 
were unhurt. The wives and children of those who were 



What number of lives were destroyed by such an explosion at Felling colliery In 1818 1 
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known to be still in the mine, waited in a most heart-rendmg 
state of anxiety, and those who had their friends restored, 
seemed to suffer nearly as much from excess of joy, as they 
had before done from suspensie and grief These hurried 
away with their friends from the dismal scene, while those 
who were still in suspense, or whose hopes ended in the 
dreadful certainty that their husbands or fathers were indeed 
among the dead, still lingered about the place, silently endu- 
ring the torture of a forlorn hope, and uttering cries of agony 
and despair. 

As the fate of many of the men was still uncertain, because 
they were in different parts of the mine, from those who had 
been found alive, the exertions of those above were unremit- 
ted, and in the course of an hour or two, many hundred peo- 
ple had collected around the shafts, all anxious to do every 
thing in their power for the sufferers. But it was soon found 
that the pit in some places was still on fire, the gas probably 
continuing to burn as it was extricated from the coal. It was 
also found by those who attempted to descend, that where 
the mine was not on fire, it was filled with carbonic acid gas, 
the product of combustion, and that therefore it was impossi- 
ble for any person to make further examination without in- 
evitable death. Consequently all hope of finding any of the 
unfortunate persons alive, who were still in the mine, was 
abandoned, and it was proposed that the shafts should be 
closed, in order to extinguish the fire. But the wives and 
children of the sufferers, distracted at the idea of seeing their 
friends buried alive, and still entertaining hopes of their re- 
covery, made the most pitiful importunities against such a 
course, while others became frantic with rage, and accused 
those of murder who proposed it. The owners of the mine, 
therefore, in mercy to the feelings of these distracted widows 
and orphans, waited until all were satisfied that no hopes re- 
mained of ever again seeing their friends alive, when the two 
shafls were closed with earth. 

To insure the extinguishment of the fire, the mine was kept 
closed from the 27th of May until the 8th of July, on which 
day it was again opened and ventilated. On this occasion, 
the lamentations of the widows and orphans was again re- 
newed, and such was the crowd of people that assembled on 
the spot, some urged by feeling, and others by curiosity, that 
constables were in attendance to preserve order. Those who 
descended to search for the remains of these unfortunate suf- 
ferers, found no difficulty in breathing the air of the min% 
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but were struck with horror at the scene of destruction and 
mutilation which the explosion had occasioned. 

The search continued until the 19th of September, when 
91 bodies had been found, brought up, and interred, but the 
92d never was found. 

We have been thus particular in describing a single in- 
stance of the awful effects of the fire damp in mines, that the 
reader mighi fully appreciate! the safety-lamp, an invention 
made by Sir Humphrey Da vy^ expressly for the purpose of 
preventing such explosions, ana which has proved completely 
successful. 

Before the inventiop of this lamp, such explosions were 
more or less commonAnd all the mines were subject to them,) 
though none has been attended with such destruction to hu- 
man life, as that of Felling colliery. (In 1815, such an oc- 
currence happened in a mine at Durham, and destroyed 57 
persons, and in another mine, 22 persons were killed in the 
sapie manner. ^ 

. The invention of the safety-lamp was not owing to accident, 
but is the result of inquiries undertaken and pursued expressly 
for the purpose of protecting the miners from such horrible 
accidents as we have described above. \ 

Sir Humphrey Davy commenced his inquiries, by deter- 
mining the proportions in which carburetted hydrogen and 
atmospheric air, in mixture, produce explosions ; and found, 
that when the gas is mixed with three or four times its vol- 
ume of air, it does not explode at all. ( When mixed with ^\e 
or six times its bulk of air, it detonates, feebly, but when the 
air is in the proportion of seven or eight times the bulk of the 
gas, the explosion is most powerful ; and with fourteen times 
its volume of air, it still explodes, though slightly. ) He also 
found that the strongest explosive mixture would not take fire 
when in contact with iron heated to redness, or even to white- 
ness ; while the smallest point of flame, owing to its higher 
temperature, caused an instant explosion.. 



What other accidents of t}ie same kind are noticed 1 Does it appear that all excavated 
coal mines are liable to such accidenu) 1 Who invented the safety-lamp, which protects 
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But the inost important step in this inquiry was deduced 
from the fact that flame cannot be communicated through a 
narrow tuba , The fact itself was known before, but Sir H. 
Davy discovered, that the power of tubes, in this respect, is 
not necessarily connected with their lengths, and that a short 
one is as efficacious in preventing the transmission of flame, 
as a long one, provided its aperture be reduced in proportion 
to its length.S ^Pursuing this principle, he found that fine 
wire gauze, which may be considered as an assemblage of 
exceedingly short tubes, was totally impermeable to flame j) 
and on making the experiment, it was found that a lightea 
lamp, when completely surrounded with such gauze, might 
be introduced into an explosive mixture, without setting it 
on fire. 

Thus the means of preserving the miners, a most useful 
and laborious class of people, from the dreadful eflTects of the 
fire-damp, was at once developed. ( It only became necessary 
to surround th^ir lamps with a fine net work of brass wire, to 
insure their safety from explosion. ) f^This lamp also indicates 
the existence of danger ; for when tne fire-damp in the mine 
is in a highly explosive state, it takes fire within the g-auze, 
and burns there, while the light of the lamp itself is unseen.) 
When the miners observe this indication of danger, they in- 
stantly leave the mine, for although the flame within the 
gauze will not communicate with the explosive mixture on 
the outside, while the gauze is entire, yet as a high degree of 
I%g. 60. heat would be kept up by the combustion 
within the lamp, the wire would soon be- 
come oxidated, and perhaps fall in pieces, 
when an instant explosion would be the 
consequence. ) 

The safety lamp is represented by Fig. 
60. The cistern a holds the oil, and is in 
all respects a complete lamp, with a spout 
at the side, for feeding it. On the top of 
this is set the cylinder of wire gauze, b, sup- 
ported by three iron or brass rods, to which 
is connected the disc, or cover c, and to 
the cover, the ring, or handle by which 
the whole is carried. The drawing d, is a 
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3n this principle, how was it discovered that the miners might be protected from expto- 
■ions 1 In what manner do these lamps indicate the presence of danger 1 

16 
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piece of wire passing through a tube, showing the manner in 
which the lamp is trimmed, and the wick raised, without 
making any dangerous communication between the outside 
and inside of the lamp. This tube passes through the cis- 
tern containing the oil. 

' The reason why the wire gauze obstructs the communi- 
cation of flame is easily explained. We have already stated, 
that according to the experiments of Sir H. Davy, the heat of 
flame is greater than that of a metal heated to whiteness, for 
the former occasioned a mixture of air and gas instantly to 
explode, while the iron, though white hot, produced no effect. 
Now the metals are all rapid conductors of heat ; when, there- 
fore, the flame comes in contact with the wire, its tempera- 
ture is so reduced by the conducting power of the metal, as 
to be incapable of setting fire to the gas which is on the out- 
side^; ( Any one may illustrate this principle, by holding a 
piec4 of wire gauze over the flame of a lamp, and then bring- 
mg his hand over this, as near the lamp as he can bear. Now 
on removing the gauze, he will find that he cannot for an in 
stant bear the additional heat. ] . 

Bicarhuretted Hydrogen — 14. 
2 p. Carbon 12-f2 p. Hydrogen 2. 

Olefiant Gas. 

. To prepare this gas, mix in a capacious tubulated retort, 
three measures of alcohol, with eight measures of undiluted 
sulphuric acid, and then apply the heat of a lamp. This 
mixture turns black, swells, and emits bubbles of gas in abun- 
dance, which may be collected over water, in the same man- 
ner as described for hydrogen.^ 

Alcohol is composed of carbon, hydrogen, and oxygen.^ 
During this process, the oxygen of the sulphuric acid appears 
to combine with a part of the carbon of the alcohol, in con- 
sequence of which, sulphurous acid gas is evolved, and the 
hydrogen is set free. At the same time, the hydrogen com- 
bines with another portion of the carbon, and escapes in the 



Why does k become necessary for the men to leave the mine, when the explosive mix- 
ture bums within the gausse 1 Describe the safety lamp, as represented at Fig. 60^ and 
point out the uses of its several parts. Explain ths reason why tlie flame is not commo- 
nicated through the wire gauze. How may this principle be illusU'ated by holding a piece 
of wire gauze and the hand over a candle 1 How is olefiant, or bicarhuretted hydrogw 
gM obtained 7 What is the composition of alcohol ? 
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form of bicarburetted hydrogen. Or perhaps the evolution 
of the olefiant gas is owing to the strong attraction which the 
sulphuric acid has for the water which the alcohol contains, 
and by combining with which, the hydrogen and carbon are 
liberated. 

\X)lefiant gas is colorless and elastic. It possesses no taste, 
ana when pure, little smell, though, when not purified, it has 
a faint odor of ether^ (When mixed with oxygen and in- 
flamed, it explodes 'with violence.\ 

This gas is a little lighter than atmospheric air, 100 cubic 
inches weighing 29.64 grains. 'The weight of carbon in this 
composition is 25.41 grains, and the weight of hydrogen 
4.23 grains. 

Olefiant gas, therefore, consists of 

Grains. 

Carbon, by weight 24.31, or two atoms, 12 
Hydrogen, do 4.23, or two atoms, 2 

29.64 14 

(This gas may be decomposed, by passing it through a red 
hot porcelain tube, one proportion of carbon being deposited, 
in consequence of which, it is converted into light carburetted 
hydrogen, which, as we have already seen, contains only 1 
proportion of carbon to 2 of hydrogen.\ 

Gas Lights, 

( The olefiant gas, when pure, (with perhaps a single ex- 
ception) gives the most brilliant and intensely luminous flame 
of any known substance. I The illuminating powers of other 
gases depend chiefly, if not entirely, on the olefiant gas they 
contain. ( In all cases, the light of any inflammable gas is in 
exact proportion to the quantity of carbon it contains. ; 

The flame of pure hydrogen scarcely gives sufiicient light 
to show the hour on a watch dial. Wlien combined with one 
proportion of carbon, forming carburetted hydrogen, its light 
is greatly increased, and when combined with another pro- 



What are the chemical changea wliich take place during the production of olefiant gaa t 
What are the sensible properties of this gasl Does it explode when mixed with oxygen 
Mid inflamed ? What is the weight of carbon, and what the weight of hydrogen, in thia 
gaal What m the atomic composition and what the combining number oT this gaal 
How Is olefiant gas decomposed and resolved into carburetted hydrogen 1 What is aaid of 
die briUiam light of the olefiant gas 1 On what does the brilliancy of gaa Ughta daptnd f 
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portioD. its light becomes perfectly fitted for the parposes of 
illumination. 

i'^Gas light, for the purpose of illumination, was first made 
and employed by Dr. Clayton, an Englishman, in 1739, but 
from some unknown cause, was given up, and neglected for 
sixty years afterwards.X At length, Mr. Murdock instituted 
a series of experiments on the subject, and the gas distilled 
from coal, began to be used, on a small scale, for lighting 
different factories in the vicinity of London. 

From that period, which was about 30 years since, gas 
lights obtained from coal, or oil, have gradually eome into use, 
ib^r the purpose of lighting streets, shops, and manufactories^ 
in all parts of Great Britain, and is, at the present time, in 
common use on the continent of Europe, and in several parts 
of America. 

/For many years, the gas lights of London, and other parts 
01 England, were supplied entirely by the distillation of bitu- 
minous coal ;)(but more recently, many of the gas works, in 
different parts of that kingdom, obtain their lights from oil. 
In this country, also, oil gas is chiefly employed.) 

In rtespect to the advantages of gas, on the marals of soci- 
ety, in great cities, Mr. Gray, in his Operative Chemist, says^ 
"From the more brilliant manner in which our streets (those 
of London) are lighted by gas, than they ever were or could 
be, by oil or tallow, there is a greater degree of security, both 
in person and property, for every class of honest men. Crimes 
cannot now be committed in cfarkness and secrecy : and as 
tjbe risk of detection increases, the temptation to guilt is di- 
Xftiaished, c^nd thus coal gas, by the brilliant light it sheds on 
wxr streets, has worked, and is now working, a moral reform- 
ation. The house-breakers and pick-pockets dread the lamps 
more than the watchmen, and a more efficacious measure of 
police was never introduced into society, than that from gas 
JUgiits." 

Oil gas is obtained by distilling impure whale or other oil,^ 
in large cylindrical cast iron retorts. \ flProm four to six such 
retorts, which, in appearance, reseml/le 24 pound cannon^ are 
placed across a furnace built of brick, and are all heated by 



When were gas lights, for the purpose of iUumioatton, first employed 1 From what 
mibetance was gas lights first obtained 1 Wliat is the sutratance uow. employed in this 
country, and in some parts of England, for this purpose 1 What is said of the infiuenca 
of gas lights on the morals o£ London 1 Uow is oil gas-manuiactured 1 fiesccite tbo 
fiuaace and retorts. 
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the same fire. These are half filled with pieces of hrick, or 
iron, in order to increase the surface, and thus to effect the 
decomposition of a greater proportion of the oil. The oil is 
contained in a reservoir placed so high as to run to the re- 
torts through a tube, of whibh each retort has a separate 
branch. V' The oil is admitted into the retorts on the outside 
of the lurnace, the quantity being regulated by a stop-cock, 
with which each is furnished.' On the opposite side of the 
furnace, the gas is conducted from each retort by separate 
tubes, which afterwards join in a common tube of larger size, 
and thence is conveyed to the gasometer. The oil is admitted 
into the retorts in a very small stream, or sometimes only by 
drops, and is decomposed, and converted into gas as fast as 
it runs in. 

(^In large works, the gasometer is of immense size, being 
30 or 40 feet in diameter, and 15 or 20 feet high, and capa- 
ble of containing from 12, to 20,000 cubic feet of gas.} 

This is made of sheet iron, suspended by a chain, over a 
pulley, and counterbalanced by weights on the other side. 
This falls into a tank, or cistern, held together by iron hoeps, 
which are drawn with great force around it by means of 
screws. I'he tank being filled with water, the gasometer is 
let down into it, while the air escapes by opening a valve in 
its top. (^When the air is all excluded the gas is conducted 
into the gasometer by a pipe coming from the retorts, and 
opening under the water. As the gas rises through the water, 
the gasometer is buoyed up, and rises also, and thus the vessel 
ts filled with inflammable gas instead of air. ^ 
f^From the gasometer, which is the great fountain, the gas 
is conducted by one large iron pipe, laid under ground to the 
place or street where it is burnt. It is then conducted in 
smaller pipes through the different streets, and from these 
pipes it is conveyed to the houses and shops by small tubes ; 
and tubes of still smaller size convey it to the burners where 
the lights are wanted. J 

Rosin has lately been used instead of oil, and is said to yield 
a gas fully equal in quality to that of oil, and at a much less 
expense. 
J As the burners are stationary, in the ordinary mode of light-. 

How is the oil admitted into the retorts 1 In large worlcs, what is the sise of the gaso- 
meter 7 How is the gas conveyed into the gasometer 7 How is the gas oonveyed from 
the gasometers to the gas bumsrs 1 What inconvenienM is ezperienoed in the use of 
ordinary gas lights 1 

16* 
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ing with gas, there exists on inconyenienee in its employment 
for the purpose of common household illumination, where 
the lights are often necessarily carried to different parts of a 
room, or from one room to another. There is also another 
mconvenience, which arises from the expense of laying con- 
ductors through streets where the houses are scattered, and 
consequently, where hut a -small quantity of the gas is want- 
ed.^ f To remedy these defects in the ordinary method of light- 
ing with gas, it has, within a few years been proposed to con- 
dense the gas in strong copper, or brass lamps, at the gas 
Jfrorks, and then transport them thus filled, to the houses, to 
supply the place of common lamps. ) This is distinguished 
by the name portable gas,\ and has been, and it is believed is 
still extensively, employed in London and its vicinity. 

(To fill these lamps, there is provided a long iron pipe, at 
one end of which is a forcing pump, which is also connected 
with another pipe leading from the gasometer, to the pump 
through which the gas is conveyed. The long pipe is fur- 
nished with short tubes placed at convenient distances apart, 
and communicating with its inside. These tubes are cut with 
•crew threads, which fit the screws at the bottoms of the 
lamps, and on' which these vessels are screwed, to be filled. 
TJius by working the forcing-pump, the gas is breught from 
the gasometer, forced into the pipe, and from the pipe into 
^e lamps, so that many are filled at the same time.^fThere 
is a mercurial gauge connected with the pump, by which its 
pressure is shown, and consequently by which the amount of 
condensation of the gas in the lamps is indicated. ""^The flam€f, 
in burning the gas, is regulated by turning a small screw, and 
the gas is prevented from escape at the bottom by a valve, 
and another screw. 

I'he gas obtained from oil, is much purer than that obtain- 
ed from coal. The latter cannot be burned until it is purified 
hy being passed through lime water, in order to deprive it of 
the carbonic acid, and other impurities ; but the oil gas does 
not require any such process, being fit for use as it passes from 
the retort. 

The illuminating power of the oil gas is alsoTnuch greater 



How has it been propoeed to remedy this defecM Under what name is this condensed 
ffas known 1 In what maimer are the portable gas lamps filled ^ ' How is it ascertained 
with what degree of force the gas is condensed in the lamps 1 Which is most pure, tbi 
gas obtained from oil, or that from coal ? Which gas has thagreatest illuminating power, 
that from the coal, or that from oil 1 
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than that of coal gas. According to the experiments of Mr. 
Accum, two cubic feet of coal gas will bum one hour, and 
give a quantity of light equal to three tallow candles, eight 
of which weigh a pound. But according to the experiments 
of Mr. Dewey, superintendent of the gas works of New- 
York, one cubic foot of oil gas will give light for one hour, 
equal to 8 candles, 6 to the poutld.j (This agrees very nearly 
with the result of Mr. Ricardo's experiments, who found that 
a given quantity of oil gas was equal in illuminating power 
to four times the same quantity of coal gas A [One gallon of 
clean. whale oil will make 100 cubic feet of gas, which, ac- 
cording to the above statement will burn 100 hours, and give 
as much light as 8 mould candles, 6 weighing a pound. ) Such 
an immense difference between the cost of gas, and' other 
lights, would seem to indicate jthe propriety of establishing 
gas works in every village. But the expenses of erecting 
and tending small establishments of this kind, are such as not 
to yield any considerable profit to the owners. In this coun- 
try, where 2,000, or 2,500 lights are wanted in a compact 
town, perhaps gas works, might be maintained. The ex- 
penses of erecting such works would be not far from the fol- 
lowing, viz. 

2i miles, 3 inch main pipe, $7,500 

Gasometer and tank, 3,000 

Refrigerator and connections, 1,500 

One bench retorts, 6 in number, 3,000 
Labour to erect the works 3,000 



17,500 
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Sulphuretted Hydrogen. 17. 
1 p. Sulphur 16+1 p. Hydrogen 1. 

This gas may be procured by placing in a retort some sul- 
phuret of antimony, or iron, ana pouring on it sulphuric or 
muriatic acid. The sulphur ets of these metals may be pre* 
pared by heating either of them, in filings or powder, with 



What is said to be the comparative difference between the illuminating power of coal 
and oil gas 7 What quantity of gas is it said one gallon uf oil will make, and how Iof^f 
will this gas bum 1 The cost of oil gas being much less than other lights^ why ars they 
not uniTWBally used 1 How may sulphuretted hydrogen be procured 1 
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sulphur; or the natural sulphurets may be employed. The 
chemical changes concerned in the formation of this gas, are 
as follows. / The oxygen of the water which the acid con- 
tains unites with the metal of the sulphuret, which metal is 
then dissolved by the acid. Thus, the hydrogen of the water, 
and the sulphur of the sulphuret, are both set at liberty, and 
having an affinity for each other, they combine, and escape in 
the form of sulphuretted hydrogen. 

/ Sulphuretted hydrogen, is a transparent, elastic gas, which 
both to the taste and smell, is exceedingly unpleasant and 
nauseous, its odor being similar to that of putrefying eggs.) 
vUnder a pressure of 17 atmospheres, that is, under a weight 
equal to 255 pounds to the square inch, this gas is condensed 
into a colorless liquid,N(but again assumes its gaseous form, 
when the pressure is removed.\ 

(This gas is instantly fatal to animal life, when pure, and 
even when diluted with 1500 times its bulk of air, has been 
found so poisonous as to destroy a bird in a few seconds.^ 

(Like hydrogen, it instantly extinguishes flame, 'but is itself 
inflammable and burns with a pale blue flame. Whe products 
of its combustion are water and sulphuric acid. \ (The compo- 
sition of this gas being hydrogen and sulphur, the water form- 
ed during its combustion is the product of the union between 
the hydrogen, and the oxygen of the atmosphere, during the 
act of combustion ; while the sulphuric acid is formed, by the 
union of the oxygen of combustion with the sulphur. \ 

Sulphuretted hyxlrogen tarnishes silver, and even gold, and 
blackens paint, made with preparations of lead.") This gas is 
often generated curing the decomposition of animal products, 

. in sink drains and ditches, and hence the paint of white lead, 
about such places often becomes black in consequence. 
Eggs contain a small quantity of sulphur, which on boiling 
is converted into sulphuretted' hydrogen, and hence a silver 
spoon is instantly tarnished by coming in contract with a 
boiled egg. 



What chemical changes take place by which this gas is evolved t What are the sen- 
sible properties of this gas 7 Under what pressure may this gas be condensed into a 
liquid 1 Does it remain liquid when the pressure is removed 7 What is said of the poi- 
lonous effects of this gas 7 What are the effects of plunging a burning candle iiito this 
gas 7 When tills gas is burned, what are the products of combusUon 7 Whence com* 
4he water and sulphuric acid 7 What is its effects on the metals 7 
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The composition of sulphuretted hydrogen by weight, is as 
follows : 

100 cubic inches of this gas weigh 36 grains. 
This is composed of sulphur, 33.89 do. 

do. do. of hydrogen, 2.11 do. 

36.00 

HYDROGEN AND PHOSPHORUS. 

Phosphuretted Hydrogen — 13. 
1 p. Phosphorus 12+1 p. Hydrogen 1. 

This compound consists of hydrogen; in which is dissolved 
a small quantity of phosphorus. It may be formed in several 
ways. One of the most simple is the following : (into five 
parts of water put 15 or 20 grains of phosphorus^ cut into 
small pieces. It must be cut under water to prevent its tak- 
ing fire. Then add one part of granulated zinc, and pour in 
three parts of sulphuric acid. ) 

The gas will instantly rise through the water in small bub- 
bles, and will take fire spontaneously on coming in contact 
with the air. (Each bubble as it takes fire will form a hori- 
zontal ring of white smoke, which will gradually enlarge as 
it jrises, until lost in the air.; (The cause of this curious ap- 
pearance is owing to the formation of a small quantity of phos- 
phoric acid by the combustion of the phosphorus, and which 
having a strong affinity for moisture, attracts it from the at- 
mosphere, and thus forms a little ring of dew, which is visi- 
ble to the eye. ] 

Phosphuretted hydrogen may also be obtained by placing 
some pieces of phosphuret of lime in water, when the gas will 
be extricated, and will rise through the water as above de- 
scribed. [See Phosphuret of Lime.] 

This gas detonates with great violence when mixed with 
oxygen, ^nd forms a dangerous explosive compound with at- 
mospheric air ; jconsequently much caution is required in 
making experinients with it. 

When a bubble of phosphuretted hydrogen is allowed to 
mix with oxygen, a flash of the most vivid light is spontane- 

What is the composition of 100 cubic inches of this gas by weight 1 How is phos- 
phuretted hydrogen formed 1 What singular property does this gas possess 7 How is 
the ring of white smoke accotmted for, which rises after the combustion of a bubble of 
this gas 1 With what substances does phosohuretted hydrogen afford dangerous detona 
tlQg compounds ? 
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ously proQuced, which, in a darkened room, resembles light- 
ning. TThe safest method of performing this beautiful ex- 
periment, is to let up into a small strong bell glass, or a thick 
glass tube, a few ounces of oxygen gas. Then, having col- 
lected a little of the phosphu retted hydrogen in a small vial, 
hold the bell glass in the left hand, with its mouth under wa- 
ter, and with the right hand manage the vial, so as to let only 
a single bubble at a time escape into the oxygen. Vrhe deto- 
nation of each bubble will produce a considerable -reaction on 
the bell glass, which will be felt by the hand. But if the ex- 
periment be performed as described, there will be no danger 
of an explosion. 

The gas above described is called per-pkospkuretied hydro- 
gen, denoting, as already explained, the highest degree with 
which one body unites with another. It is so called to dis- 
tinguish it from the proio-phosphurelted hydrogen, which con- 
tains only half the quantity of phosphorus, and is a much less 
interesting compound. 

Per-phosphuretted hydrogen consists of 

1 equivalent of phosphorus, 12 
1 do. hydrogen, 1 

13 

NITROGEN AND CARBON. 

Carburet of Nitrogen — ^26. 

2 p. Carbon 12+1 p. Nitrogen 14. 

Cyanogen. 

By boiling together red oxide of mercury and prussian blue 
in powder, with a sufficient quantity of water, there may be 
obtained a compound which shoots into crystals, and which 
was formerly called prussiaie of mercury, but is now known 
by the name of cyanuret of mercury, j 

rWhen this salt is heated in a retort, it turns black, the cy- 
anogen passes over in the form of a gas,\and the mercury is 
revived, or assumes its metallic form. '' 

This gas has a pungent, disagreeable odor, burns with a 
purplish blue flame, extinguishes burning bodies, and is re- 
duced to a liquid under the pressure of about three and a half 
>itmospheres. This gas must be collected over mercury. 

What directions are given for admitting bubbles of this gas into oxygen? What 
is the equivalent composition of pcr-phosphuretted hydrogen 1 How may cyanurel 
of mercury be formed ? How is cyanogen procured 1 What are the properties of ^ 

this gas? 



i 
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100 cubic inches of this gas weigh 55 grains, and is found 
to be composed of 

2 equivalents of carbon, * 12 
1 do. nitrogen, 14 



26 its combining number. 

Cyanogen, though a compound gas, has the singular pro- 
perty of combining with other substances, in a manner per- 
, fectly similar to the simple gases, such as oxygen and hy- 
drogen. 

The term cyanogen, conies from two Greek words signify- 
ing to form blue, because it is an ingredient in Prussian blue. 
Hydrocyanic Acid — 27. 
1 p. Cyanogen 26+1 p. Hydrogen 1. 
Prussic Acid. | 

Cyanogen is obtained by simply heating cyanuret, or prus- 
siate of mercury, as above described. Hydrocyanic, or prus- 
sic acid, is composed of cyanogen and hydrogen. '■ It may be 
obtained, by heating in a retort a quantity of prussiate of mer- 
cury with two thirds of its weight of muriatic acid. During 
this process, there takes place an interchange of elements. 
The cyanogen of the cyanuret of mercury unites with the 
hydrogen, forming hydrocyanic acid, while a muriate of the 
peroxide of mercury remafins in the retortJ 

But a more common method of making prussic acid is the 
following : 

Mix together, in a convenient vessel, four ounces of finely 
powdered Prussian blue, two and a half ounces of red oxide 
of mercury, and twelve ounces of water. Boil the mixture 
for half an hour, now and then stirring it. The blue color 
will disappear, and the solution will become yellowish green. 
Filter the solution, and wash the residuum, by pouring on 
boiling water, in quantities sufficient to make up the loss by 
evaporation, and let this also pass through the filter. 

Put this solution, which is a prussiate of mercury, into a 
retort containing two ounces of clean iron filings, then con- 
nect the retort with a receiver, and place them on a lamp fur- 



What is the equivalent composition of this gas, anfl what is its combining number % 
Whence comes the name of this gasi How may hydrocyanic, or prussic acid, be formed 
by means of prussiate of mercury and muriatic acid? What are the interchanges ot 
elements which take place during this process 1 What is the more common method de- 
er bed for malcing rrussic acidi 




192 PRU88IC ACID. 

nace, as represented by Fig. 61,. taking care that the juncture 
jFYfi". 61. ^® made air tight, which may be done by 
winding a wet rag around the neck of the 
retort. Next, pour into the retort one ounce 
of sulphuric acid, diluted with three or four 
parts of water, and stop its tubulure by pass- 
ing in a straight glass tube, which had been 
ready prepared by being passed through a 
cork. Then light the lamp, and distil with 
I a slow heat, until three ounces of prussic 
acid is obtained. The receiver must be 
kept cold, and also from the light, by being 
U:^ covered with a wet cloth. 

Srhe fumes of this acid are exceedingly 
^ sonous, and therefore the lamp furnace 
should be set in a fire-place during the process, so that they 
may escape up the chimney.N There is a complicated inter- 
change of principles which take place in this process, which 
Scheele explained thus. In prussian blue the prussic acid 
exists in combination with iron. The red oxide of mercury, 
having a stronger attraction for this acid than the iron has, 
the Prussian blue is decomposed, and a prussiate of mercury 
is formed, which is soluble in water. On the addition of the 
iron filings and sulphuric acid to this solution, the iron ab- 
sorbs the oxygen from the mercury, which is then precipita- 
ted in the metallic form, and at the same instant the iron is 
thus oxidized, it is dissolved by the sulphuric acid formmg the 
sulphate of iron. Thus, the prussic acid is liberated, because 
it does not combine with the metals, but only with their ox- 
ides, and as the iron deprives the prussiate of mercury of its 
oxygen, the prussic acid remains free in the solution of the 
sulphate of iron, and being volatile, readily passes over into 
the receiver, by a gentle heat. 

The hydrocyanic acid thus obtained, is a perfectly color- 
less, limpid fluid, and cannot be distinguished by the eye from 
distilled water/ It has a strong odor, resembling that of 
peach blossoms, and when much diluted has the tdste of bit- 
ter almonds. 

Prussic acid is the most active and powerful of all known 



What 18 said of the poisonous quality of the fumes of this acid, and of the precautiou 
to avoid them ? Explain carefully the complicated interchange of chemical principles 
that take place by this process. What is the appearance of the acid thus obtiunedl 
What is the smell of this acid 1 What cases are mentioiQedof its poisonous effects 1 
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poisons. A single drop placed on the tongue of a dog causes 
his death in a few seconds, and a servant girl who swallow 
ed a small glass of it, diluted with alcohol, fell down instant 
ly, as though struck with apoplexy, and died in two minutes. 
A professor at Vienna^ having prepared some of this acid in 
its most concentrated state^ by way of experiment, diffused 
some of it on his naked arm, and was killed thereby in a 
short time. 

I'hese instances not only show the terrific and mysterious 
effect which this substance has on the animal economy, but 
they also show what extreme caution is necessary in prepar- 
ing and using it. (^Vhen much diluted, it has, however, been 
considerably employed as a medicine, in cases of consump- 
tion, and often with good effect.^' 

Although the investigations of chemistry have developed 
this substance, than which, even lightning itself is scarcely 
more prompt, or sure, in destruction, still the wisdom of Om- 
niscience has connected circumstances with its production 
and nature, which, in a great measure, will always prevent its 
employment for criminal purposes. (^The process by which 
it is made, requires more chemical skill than generally falls 
to the lot of unprincipled and vicious persons ; and when 
obtained, its active properties are so evanescent, as never to 
remain more than a week or two, without peculiar treatment, 
and sometimes it becomes nearly inert in a few days. The 
odor, also, which is distinguished in ^animals destroyed by it, 
is often the sure means of detection. 

The commencement of its decomposition is marked^?y the 
reddish brown color of the liquid, and, in a short time after, it 
becomes blacl^ and deposits a thick carbonaceous substance, 
at the same time it loses its peculiar smell, and emits that of 
ammonia. In this state, the pnissic acid has none of its for- 
mer properties, but becomes entirely inert and worthless. 
/ This substance possesses the sensible qualities of an acid 
only in a very slight degree,| being hardly sour to the taste, 
and producing but very little change in the blue colors of 
vegetables. /'It however performs the office of an acid in 



For what purposes is this acid employed when much diluted 7 What circumstances 
aflrcomiected with the production and nature of this aciti, which it is said will prevem 
its employment for wiclced purposes 1 How does tlie acid appear while decomposing f 
Does this substance possess the sensible qualities of an acidi In what nspea dost it 
futana the office of an acid 1 

17 
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I combining with allcaline bases, forming salt^ called prussiaiet 
or hydrocyaruUes,^ 

The following is an example, by which the composition of 
a substance may be found, when one of its elements can be 
made to combine with a third body, in a known proportion. 
By a previous experiment it was ascertained how much cya- 
nogen would combine with a given portion of potassium, the 
basis of potash. /'Then, Gay Lussac exposed to the action of 
100 measures or prussic acid, heated so as to be in the state 
of vapor, a quantity of potassium precisely sufficient to absorb 
60 measures of cyanogen.l By this process, cyanuret of 
potassium was formed, and^xactly 50 measures of the vapor 
of prussic acid was absorbec^ leaving 50 measures of pure 
hyarogen remaining in the veSsel in which the experiment 
was made. \ 

From this experiment, it appears that prussic acid is com- 
posed of \Bqual volumes of cyanogen and hydrogen, ^nd there- 
fore that they combine in the ratio of their specific gravities, 
that is, the weight of the vapor of prussic acid must be the 
combined weights of ^^nogeu and hydrogen, of an equal 
bulk. 

Now the specific gravity of hydrogen is known to be 
0.0694, and cyanogen gas, 1.8044, air being 1000. Cyano- 
gen, therefore, is 26 times as heavy, bulk for bulk, as hydro- 
gen, and since -they combine in equal proportions, by volume, 
to form prussic acid, it follows that this acid consists of an 
atom of hydrogen united to an atom of cyanogen, and ther^ 
fore, that an atom off cyanogen gas is 26 times as heavy as 
an atom of hydrogen.y f Thus, the atomic weight of cyano- 
gen is 26, that of hydirogen being 1, and the specific gravity 
of the vapor of prussic acid being the medium between them, 
is 0.9369, because 0.0694, the specific gravity of hydrogen, 
added to 1 8044, the specific gravity of cyanogen, makes 



How did Gay Lussac know that exactly liO measures of cyanogen were absorbed by the 
potaasiura ? (Cyanqgen combines with metals in the same manner that oxygen doesb 
See €«yanos(en.] What was the quantity of hydrogen which remained after this absaip< 
Hon T From this experiment, what appeare to be the composition of prussic acid, by vo* 
lame ; and therefore, the vapor or prussic acid consists of the combined weights of what 1 
How dous it appear tliat cyanogen is 26 times as heavy as hydrogen ? Multiply 0.0691 
by 26. How does it appear that an atom of cyan^en is SJ6 tunes as heavy as one of \xj* 
dngeni lBecaui« they combine in equal volumes, but cyanogen weighs 26 timea tlM 
WML] What than is Uie weight of an atom of cyanqgiea, that of hydrogen being f 
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1.8738, the medium, or half of which is 0.9369, the speciiic 
gravity of the vapor of prussic acid. ) 

The composition of prussic acid may therefore be stated 
thus: 

By volume. By weight. 

Cyanogen 50 1.8044 26, one atom, 

Hydrogen 50 0.0694 1, one atom. 

100 acid vapor. 27 atomic weight 

Thus the atomic weight, or equivalent number for cyano- 
gen is 26, and that for prussic acid is 27. 

The above will serve as a practical example of the method 
of finding the atomic weight of a constituent, under similar 
circumstances. 

CARBON AND SULPHUR. 

Sulphuret of Carbon — 38. 
1 p. Carbon 6+2 p. Sulphur 32. 

J his singular compound may be made by the following 
ess. Place an earthen tube* of about an inch and a haff 
m diameter, a little inclined across a chaffing dish, previous- 
ly nearly filled with small pieces of newly burned charcoal 
To the higher end of this tube adapt another tube of glass, 
filled with small pieces of sulphur. The end of this tube, 
not connected with the one of earthen, must be stopped with 
a cork, through which passes a wire, the whole being made 
air tight. To the opposite end of the earthen tube, another 

glass tube must be connected, and so bent as to pass under 
le surface of some water, contained in a bottle. When 
every thing is thus prepared, the charcoal in the chaffing- 
dish is set on fire, and when the centre of the tube becomes 
red hot, the sulphur must be pushed forward with the wire, so 
(18 to come in contact with the charcoal. The combination 
instantly ensues, and the vapor of sulphuret of carbon will 
condense under the water in the vessel. In this state it is of 
a yellowish color, but may be purified by redistilling in a 



What is the specific gravity of the vapor of pruasic acid, it being the medium between 
Ihose of cyanogen and hydrogen 1 From these data, what is the composition of pnigrie 
acid, by volume and weight 1 What is tlie equivalent number for prusBic acid 1 Dsacriba 
the process for making sulphuret of carbon. What is the color of the rompound so imp»> 
paredl How may it be purified, ao as to become cotorless and transparent 1 
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retort containing a little muriate of lime, to absorb the water. 
The heat, during this process, must not be over 110^, and 
therefore, is best applied by a vessel of water over a lamp, in 
which the retort is placed. The neck of the retort is dipped 
under water, as before. 

(The compound, thus obtained from two solids, the one black 
and the other yellow, is a perfectly transparent and color- 
less liquid. ^( Its taste is acrid and pungent, and its smell ex- 
ceedingly fetid and disagreeable.)/ Its specific gravity is 1.5^7, 
water being 1.00.^' It does not r^ix with water, but sinks 
through that fluid, as water does throi^h the lightest oil. 
[ It possesses very high refractive powersJ (see Nat. Philoso- 
phy, f and is so volatile as to produce ^n intense degree of 
cold by evaporation, when exposed to the open airlllt is high- 
ly inflammable, and burns with a blue flame, emitting copious 
fumes 6f sulphuric acid.^ It dissolves phosphorus and iodine, 
the solution of the lattef being of a beautiful pink color. 

It was stated 'a year ot two since in Paris, and republished 
in the journals of this country, that when this substance is 
mixed with phosphorus, and allowed to stand under water for 
six or eight months, the phosphorus combines with the sul- 
phur, thus, leaving the carbon to crystallize,, and form real 
diamonds. Having left such a mixture, undisturbed, for a 
much longer period than the recipe directs, we have as yet 
discovered no appearance of this precious gem. 

Sulphuret of carbon is composed of 

1 equivalent, or atom, of carbon, 6 

2 do. do. sulphur, 32: 

Its combining number, 38 
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The metals form the most numerous class o/Vandecomposed, 
or elementary bodies'^ They possess a peculiar lustre, called 
theimetallie^ which continues in the streak, or when they are 



In what respect doee this compound show the mysterious effects of chemical combina- 
tion 1 What are the sensible properties of sulphuret of carbon t What is its specific 
grarity 1 What is said of its pcfractiva powers, its yoTatility, and its inflammabflity 1 
What has been published concerning the method of making diamonds from this 
stance 1 What is the equivalem composition of sulphurot of carbon 1 What is Its equl 
▼■lent number 1 Have any of the metals bean decompoaed 1 What is the pecoUar 
«• of the metals called f 
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reduced to small fracfments. They are all conductors of 
(^electricity and caloric|[ They are fusible, at different tem- 
peratures, and' in fusion retain their lustre and opacity. They 
are, in general, good reflectors of light, and (with the excep- 
tion of gold, which, in the thinnest leaves transmits a green 
li^ht, they are perfectly opaque. \ 

rMany of the metals may be extended under the hammer, 
and are hence called malleabU, or under the rolling press, 
and are called laminahh, or may be drawn into wire, and are 
called ductile. \ (^Others can neither be drawn into wire, nor 
hammered into plates, but may be ground to powder in a 
mortar ; these are called brittle metals. ^ ' 

; The metals are capable of combining with each other, in 
any proportion, when melted together, and such compounds 
are called alloys, ^ 
i With a few exceptions, the metals have the gi^eatest spe- 
cific gravity of ail bodies. ' Potassium and sodium swim on 
water, but with these exceptions, the lightest among them, 
cerium, is about 5 J times the weight of water ; platinum is 
more than 20 times heavier than the sune bulk of water. 

^The metals differ in respect to brilliancy, color, density, 
hardness, elasticity, ductility, tenacity, coaductility for caloric 
and electricity, fusibility, expansibility by heat, stability, qdor, 
and taste. ) 

When combined with oxygen, chlorine, iodine, or sulphur, 
and the resulting compounds submitted to the action of gal- 
vanism, the metals without exception are revived, and appear 
at the negative side of the battery, hence all the metals are 
f positive electrics!^ 

^ The malleable metals, such as gold, silver, and iron, in 
whatevipr manner their surfaces are increased, if this is done 
rapidly^ grow hot, andlcrumble under the hammer, or press, 
and finally refuse to oe extended any further.\ It then be- 
comes necessary, if their surfaces are to be fartKer extended, 
to anneal them, which is done by exposure to a red heat, 
when they become soil and malleable as before. It is pro- 



WhatimpondenMe agents do an the metals condactT An an Chs iiietata opaqoet 
What are malleable, laminabte, and ductile metals 1 What an t>rittle metak 1 Whal 
is an aOoy 1 What is said of the specific gnirity of the metals 1 What an the propaf. 
Oeslnnspect to which the metals differ 1 What is the electrical slate of the metals) 
When the surfaces of the malleahle metals are suddenly increased, what efltet is thionbf 
produced on thaircamperatuni When is tt necessary to ai»f»fa/«aocal1 

17* 
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bable that this change i» ptoduced by a qnantity of caloric 
which the metal retains in its latent state, and by which its 
particles are prevented from forming so compact a mass as 
before. When the metal is again drawn under the hammer 
or press, it grows hot, and at the same time is increased in 
density and specific gravity, the caloric before absorbed b^ 
ing given out, and the metal is again rendered brittle by the 
process. 

( All the metals are converted into a fluid state by sufficient 
degrees of heat.^ In this respect there is a vast difference 
in the different metals. (Mercury is a fluid at all common tem- 
peratures, and does not assume the solid form unless exposed 
to a temperature nearly 40° below the freezing point, while 
platina and columbium continue solid under the highest heat 
of a smith's forge, and only become fluid under the heat of 
the compound blowpipe, or the action of the most powerful 
galvanic battery.) 

With severar exceptions, these bodies suflfer a singular 
change on exposure to air and moisture, or on exposure to 
air and heat. Xfhey lose their tenacity, brilliancy, and other 
qualities peculiar to the metals, soil the fingers, and crumble 
to powder, but at the same time increase in weight. This 
change is termed oxidation, and in this state they are termed 
''metallic oxidhs. 

This increase in weight and loss of metallic splendor, does 
not happen when the metal is placed in a vacuum, or when it 
is protected from the air by varnish or other means, but is 
fbund to be the consequence of the union between the metal 
and the oxygen of the air, or water, or both. Thus, iron, 
when exposed to air and moisture, spontaneously absorbs 
oxygen and is converted into a brown friable matter called 
rust. This is an oxide of iron. The increase of weight is 
caused by the solid oxygen which thus combines with the 
metal. -^ 

Metals, in the language of chemistry, are termed eombug- 
UbUs, because they are capable of combining with oxygen, s 



How to the proces of annealing supposed to afibct the metal, so as to restore its maHea- 
bithf 1 By what meam may all the metals be rendered fluid 1 What is said of th* diP 
fcfant temperatures at which the metals become fluid 1 The metals^ with the exception 
of platina, gold, and silver, aie said to suffer a peculiar change, when exposed to heat, «r 
to air and moisture. Tb what is this change owing, and what are the resulting con- 
pounds called 1 What eauses iron and other metals to rusi, when exposed to the afart 
Whf aiB the nietate termed combusable in the language of chemiatryl 



* METALS. t99 

and thus passing through the process of oxidation, or com- 
bustion. Tin ordinary combustion there is an extrication of 
heat and light, and under favorable circumstances, several 
of the metals exhibit these pnenomena. Zinc burns with a 
brilliant flame when heated, and exposed to the open air ; and 
iron, when heated in oxygen gas, emits the most vivid scin- 
tillations, attended with intense heat. Gold and platina, the 
metals which have the least affinity for oxygen, are still ca- 
pable of uniting with it so rapidly, as to proauce scintillations 
when heated with the flame of the compound blowpipei C In 
all cases the metals combine with oxygen most rapidly wnen 
exposed to the highest degrees of heat. 1 Hence, at common 
temperatures, their oxidation proceeds so slowly as not to 
emit sensible light or heat;/and some of them, such as gold, 
silver, and platinaj do not combine with it at all at such tem- 
peratures. / 

^Some of the metals combine with oxygen in only one pro- 
portion, while others combine with it in three or four pro- 
portions. J Thus, there is only a single oxide of zinc, but 
there are three or four oxides of ii«on. 

Afler the metals are converted into oxides, they may again 
be reduced, that is, brought back to their metallic states, (by 
depriving them of their oxygen, ^f^his may be done by se- 
veral methods, depending on the nature of the metal, or the 
force by which it retains the oxygen. The reduction of many 
of the metals from their ores, is nothing more than depriving 
them of their oxygen. \ 

fFor this purpose, a common method is to heat the oxide 
with some combustible, which has a stronger affinity for the 
oxygen than the metal has. Thus, the oxide parts with its 
oxygen, and assumes the metallic form, while the combusti- 
ble ahsorbs that which the oxide before contained, and is 
itself*consumed or converted into an oxide. As an example, 
carbon when heated has a stronger affinity for oxygen than 
iron, and therefore, when carbon and oxide of iron are 
strongly heated together, the iron is reduced while the char- 



Under what circumstances do several of the metals exhibit the ordinary pbeno- 
mena of combustion 1 Under what circumstances do all the metals combine most 
rapidly with oxygen? What metals do not combine at all with oxygen at common 
temperatures 7 Do the metals all combine with the same proportion of oxygen 1 
After a metal has been converted into an oxide, how may it i^ain be reduced, or 
Urought again to its metallic state 1 By what method can the metals be di^ived M 
Aeir oxygen 1 What is one of the most common methods of reducing iron fnnn its 
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coal is converted into an oxide; or an acid, and passes away 
into the air, or in common lang-uage, is biyrned up. This is 
the method of reducing iron from its ores. 

In some instances, heat alone drives away the oxygen and 
reduces the metal ;/ but in such cases the metal has only a 
weak affinity for oxygen. The oxides of gold, mercury, and 
platina, are thus reduced. ; 

Metals having stronger affinities for oxygen, resist such 
methods of reduction, and require the more powerful agency 
of galvanism. When metallic oxides are exposed to this 
influence, the reduced metal is found at the negative side of 
the battery, whil^the oxygen rises through the water at the 
positive side. I ^ 

(None of tke metals are soluble in an acid, in their metallic 
states, )but when first combined with oxygen they are readily 
dissol'ired. Gold will not dissolve in' muriatic acid alone, 
(because this acid does not part with its oxygen with such 
Vacilitjras to form an oxide of the metal. \ But if a quantity 
of nitric acid be added to the muriatic, the gold instantly be- 
gins to enter into solution, and a chloride of the metal is 
formed. If a piece of zinc be thrown into sulphuric acid, it 
will remain undissolved, but if three or four parts of water 
be poured in, the metal is attacked with great violence, and 
soon dissolved. In this case the water furnishes the oxygen, 
by which the zinc is oxydized, and it is then dissolved by the 
acid. ^By this method hydrogen is obtained ; the metal de- 
composing the water by absorbing its oxygen, while the hy- 
drogen is set at liberty, j 

The metals combine with phosphorus, sulphur, and car- 
bon, forming compounds called phosphurets, sulphurets, and 
carburets. 

Of all the inflammable bases,- sulphur appears to possess 



When Iron Is reduced by healing its oxide with chaicaal, what becomes of the oxy 
fenl In what instances does beat alone reduce the metallic oxides 1 When me- 
taHie oyides are reduced by means of galvanism, at which pole of the battery is the 
oxygen extricated 1 Are any of the metals soluble in the acida^ while In their metaUic 
?!?! ' ^^^ " *^ necessary toadd nitric acid to the muriatic acid before it wiU diBsoWe 
gold 1 Why does not zinc dissolve in strong sulphuric acid ? Why is hydrogen evolved 
when the zinc is dissolved in diluted sulphuric acid? When a metal combines with 
phosphorus, what is the resulting compound caUed 1 What is the composition of a sul. 
phurst 1 What is the composiUon of a carburetl What oombusUble body apptan (0 
p o a se i the arongeet affinity for the meialal 
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t&e strongest affinity for the metals^Y^d its combination with 
some of them is attended with remaincable phenomena. This 
affinity is shown by the following interesting experiment. 
{Introduce into a Florence flask, three parts of iron, or cop- 
per filings, and one part flowers of sulphur, well mixed to- 
gether. Then stop the flask with a cork, and place it over 
a lamp, so as to heat it slowly, and as soon as any redness 
appears, remove the flask from the fire. The chemical ac- 
tion thus begun, will be continued by the heat evolved by 
the combination between the sulphur and the metal, and the 
whole mass in succession will become red hot, which, in the 
dark, will produce a very beautiful appearance.) 

We have stated, in a former part of this work, that when 
bodies pass from a rarer to a denser state, caloric is evolved. 

Vrhe heat and light, in this experiment, seems to be the 
consequence of this general law of condensation, for the sul- 
phuret, formed by the union of the two bodies, occ\ipies 
much less space than the metal and sulphur did before. , 

Many of the metallic sulphurets are very abundant in na- 
ture, forming the ores of the metals. Several metals are 
extracted entirely from such ores. ^The most abundant sul- 
phurets are those of lead, antimony, copper, iron, and zinc. J 

(The phosphurets are seldom found as natural products*/ 
but may be formed, by bringing phosphorus into contact with 
the metal, at a high temperature. 

Carbon unites with iron in several proportions. ( Unrefined 
iron, steel, and black leadi are all carburets of iron, the latter 
containing 95 per cent, of carbon. 

(3Vhen the oxide of a metal is dissolved in an acid, there 
is a compound formed, which differs entirely from either of 
these two substances, and when the liquor is evaporated there 
remains a crystalline solid, called a metallic saH^ These 
salts differ materially from each other, according to the kind 
of acid and metal of which they are composed. Some of 
them, such as thefeulphate of iron, and acetate of lead^are of 
great importance tolhe arts. 

.The oxides of the metals readily unite by fusion with glass, 



What experiment ie 8tatecl,'illustratlng the affinity between iron and sulphur T Whence 
does the beat arise in this experiment 1 What are the most abundant sulphurets In na- 
tnn 1 Are the phosphurets often found native 1 What carburets are mentioned t What 
to a metallic salt 1 What particular salts are mentioned, as being of great importance to 
lh« arts 1 What is said of the union between the metallic oxides a od glass 7 
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and it is by such means that this substance is made to re- 
semble gems and pre<:ious stones.^ The stained glass, so 
celebrated among the ancients, and used in the windows oj 
churches, was prepared in this manner. This art was said 
to have been lost, but stained glass is still made in many 
parts of Europe, and in this country. {See Glass.) 

I Compounds, made by fusing two or more metals together, 
are called allotfs.\ In these cases there is a chemical union 
between the metaus ; and hence such compounds differ great- 
ly from the metals of which they are composed, f In general, 
the specific gravity of the alloy is greater than She medium 
specific gravity of the two metals, and of consequence, the 
bulk of the alloy is less than that of the two metals taken 
separately. ) As an example, if two bullets of copper and two 
of tin, of equal bulk, be melted together, they will form little 
more than three bullets of the same size. [Tfiis diminution of 
bulk is accounted for, by supposing that the particles of the 
two metals enter into a closer union with each othei^ when 
combined, than those of either did in a separate state. \ 

(The alloys of the metals are also more easily fusible than 
the metals of which they are composed ; that is, the melting 
point of an alloy is below the medium temperature at which 
the metals composing it are fusible. \ 

An alloy, made of 8 parts bismum, 5 lead, and 3 tin, is a 
curious instance of this fact. In a separate state, the melting 
point of lead is 500^ bismuth, 490^, and tin, 430°, and yet, 
when these are fused together, the compound melts at 212°. 
Amusing toys, in the form of tea-spoons, have been made of 
this alloy. Such spoons, in the hand of those who know no- 
thing of their composition, have excited great astonishment, 
by coming out of a cup of hot tea with their bowls mehed off! 

The number of metals, and the variety of properties which 
they possess, render it necessary to throw them into classes 
and orders, that a knowledge of these properties may be more 
easily obtained. 

The following arrangement is that originally proposed by 
Thenard, and adopted by Henry and others. 
( We have already stated, that some of the metals are redu- 
ced from the state of oxides by heat alone, such metals hav- 



What are alloys 1 In what respect do alloys diflfer from the metals of which they an 
oomposed 1 How is the increased sitecific gravity of the alloys accounted for 1 What is 
sftid of the fusibility of alloys 1 What curious illustration of the fusibility of an alloy 
jaade of bismuth, lead, and tin, is giren 1 
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ing only a slight affinity for oxygen. Others, it was also sta- 
ted, have so strong an attraction for oxygen, that they cannot 
be reduced by this method, but requiie the presence of a com- 
bustible, or some other means, for their reduction.J The ar- 
rangement into classes is founded on this distinctive aifference. 
\The orders of the second class are founded on the powers of 
the metals to decompose water. \ 

Class I. — Metals, the oxides of which are reducible to the 
metallic state, by heat alone. These are 

Mercury, Platinum, Osmium, 

Silver, Palladium, and 

Gold, Rhodium, Iridium. 

Class IL — Metals, the oxides of which are not reducible 
to the metallic state by the action of heat alone. 

Order 1. — Metals which decompose water at common tem- 
peratures. These are, 

Potassium, Lithium, Strontium, 

Sodium, Barium, Calcium. 

Order 2. — Metals which are supposed to be analogous to 
Order 1, but whose properties are but little known. These 
are, 

Magnesium, Ittrium, Zirconium, C 

Glucinum, Aluminum Silicium. 

Order 3. — Metals which decompose water at a red heat 
These are. 

Manganese Iron, and 

Zinc, Tin, Cadmium. 
Order 4. — Metals which do not decompose water at any 

temperature. These are, 

Arsenic, Uranium, Titanium, 

Molybdenum, Columbium, Bismuth, 

Chromium, Nickel, Copper, n 

Tungsten, Cobalt, Tellurium, 

Antimony, Cerium, Lead. 

Of the first class, there are 8 metals; of the second, there 

are 32 ; making 40 in all. 



What is the distinctive difierenee between the metals, on which is founded the arrange- 
ment into classes ? What are the peculiar properties on which the orders of the second 
class are founded 1 How are the classes and orders defined, and what are the names of 
the metab belonging to each 1 How many mecab belong to the first class ; and how manjr 
10 the second. 
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CLASS I. 
Metals, the oxides of which are decomposed by the action 
of heat alone. 

HERCURY — 200. 

Mercury, or quicksilver, is found native, or in its pure 
state, only in small quantities, themercury of commerce being 
chiefly extracted fromlcinnabatkyhich. is a sulphuret of the 
metalj (The metal is extracted from this ore, by heating it in 
iron retofts, mixed with iron filings or limeABy this process, 
the sulphur combines with the lime or iron; forming a sul- 
phuret of lime or iron, while the mercury is volatilized, and 
IS distilled into a receiver, where it condenses in its pure form. 

t,This metal is distinguished from all others by preserving 
its fluidity at common temperatures. V Its specific gravity is 
, 13.5.^JAt the temperature of 660° it ooils, rises in vapor, and 
may be distilled from one vessel into another. At 40° below 
zero it becomes soli (ft andlis then malleable, and may be ham- 
mered into thin plates.\ ^ 

When pure, this metal is not readily oxidized in the open 
air at common temperatures, but {when mixed with other me- 
tals, such as tin, or zinc, there is commonly a film of oxide 
on its surface ; Whence this is an indication that the mercury is 
impure. [When mercury is triturated with an equal quantity 
of sulphur, there is formed a black powder, called etkiops 
minerals 

Mercury readily combines with gold, silver, tin, bismuth, 
and zinc ; but not so readily with copper, arsenic, and anti- 
mony, and with platina and iron scarcely at all. The result- 
ing compounds between mercury and the other metals, are 
called [amalgams A 

Mertiury has such an affinity for gold and tin as to dissolve 
these metals in small pieces, at common temperatures. In 
the mines of South America, a great proportion of the gold 



What is the definition of class first ? From what substatice is the mercury of coi&> 
merce extracted? What is the composition of cinnabar, and what its chemiod namet 
What is the method of obtaining the mercury from its sulphuret 1 What striking dto- 
tinetion is there between mercury and other metals? What is the specific gravity of 
mercury 1 At what temperature does mercury boil, and at what temperature does il 
fi-eeze? Wlien solid, what property common to many other netalsdoes it possesBl 
What are the obvious indications of impurity in this metal ? What is ethiops minenl 1 
When mercury combines with other metals, what is the compound called 1 
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was formerly procured by amalgamation. \^and containing 
particles of gold, was agitated in a close vessel with mercury, 
and the two metals thus brought in contact, united and formed 
an amalgam. This was then distilled in an iron vessel, by. 
which the mercury was driven away, while the gold remained.) 

At the present time, the gold-beaters make use of the same 
means to obtain the small particles of the metal contained in 
the sweepings of their shops. {The sweepings being placed 
in a close vessel, and agitated with mercury, an amalgam is 
formed. The gold is then separated by pressing the amal- 
gam in a buckskin bag, which forces the mercury through 
the pores of the leather, while the gold is retained.) 

Mercury is applied to many other uses in the arts, and is 
a constituent in several important medicines. 

The silvering on the backs of looking-glasses,|is an amai- 
gam of tin,\and is put on in the following manner ^ A «heet of 
tin foil is laid perfectly smooth on a slab of marble, and on the 
tin foil, mercury is poured, until it is about the eighth of an 
inch thick ; the attraction of the metals for each other, keep- 
ing the mercury from running off When the mercury is 
spread equally over the surface, the glass plate is run or slid 
on. This is so managed, by partly immersing the end of the 
plate in the edge of the mercury, and pushing it forward, as 
to entirely exclude the air from between the metal and the 
glass. Weights are then laid on the plate, to press out the 
mercury which does not amalgamate with the tin. In about 
24 or 36 hours, the amalgam adheres to the plate in the 
manner we see it on looking-glasses. ;The glass, therefore, 
merely serves to keep the amalgam in its place, and being 
transparent, to transmit the image which is reflected from the 
surface of the metal. J Could the mercury be kept from oxy- 
dation, and be retained in its place without the glass plate, 
such mirrofs would be much more perfect, since the glass 
prevents some of the rays of light from passing to and from 
the metal. 
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MERCURY AND OXYOEH. 

Peroxide of Mercury — 216. 

1 p. Mercury 200+2 p. Oxygen 16. 

Red Precipitate. 

{ This compound is commonly fonned by dissolving mercurj 
in nitric acid, and then exposing the nitrate to such a degree 
of heat as to expel all the acid. ) It is in the form of small, 
shining crystalline scales, of a red color. When exposed to 
a red heat, this oxide is reduced, and converted into oxygen, 
and metallic mercury, a circumstance on which its arrange- 
ment in the present class depends. When long exposed to 
the action of light, the same effect is produced. / Red jure- 
cipitate is employed in medicine chiefly as an escnarotic.y 

It will be observed at the head of this section, that the per- 
oxide of mercury is composed of 200 parts of the metal com- 
bined ^ith 16 parts or two equivalents of oxygen. The-prot- 
oxide of this metal consists of 200 mercury, and 8 oxygen, 
these compounds conforming precisely to the doctrine of defi- 
nite and multiple proportions, as formerly explained. The 
reason why so large a number as 200 is taken for the equi- 
valent of mercury, and some other metals, will be understood, 
when it is recollected, that the data from which all the pro- 
portional numbers are estimated, is the proportions of hydro- 
gen and oxygen forming water.. (The proportion of oxygen 
in this compound being 8, and this number for oxygen being 
fixed, that for mercury is 200, because it is found* by experi- 
ment, that these are the smallest proportions in which these 

wo bodies combine, y 

MERCURY AND CRLaRINE. 

Protochloride of Mercury — ^236. 
I p. Mercury 200+1 p. Chlorine 36. 
', CalomeL, 
When chlorine, a gas formerly described, is brought in 
conUict with mercury, at common temperatlireo, a combina- 
tion takes place between . them, amounting to one proportion 
of each, forming a protochloride of the metal, f This, how- 
ever, is not the common method of preparing'calomel ; the 



What ia the composition of peroxide of mercuiyl By what eimple pneem ie li oto 
tainedl How may thia oxide be decomposed? What isthe useof redpracipitatal Ex- 
plain the reason why tlie combining number for mercury ia 20a 



MXRC1TRT. S07 

two constituents being more conveniently combined in their 
proper proportions,(by mixing the bichloride of this metal 
with an additional quantity of mercury^ /The bichloride of 
mercury contains, as its name signifies, two proportions of 
chlorine and one of the metalA fThis compound is known un- 
der the name of corrosive subhmdteS It contains mercury 200, 
and chlorine 72 parts by weight. When this salt is triturated 
with mercury, the metal absorbs a part of the chlorine, and 
the whole is converted into a protochloride, or calomel. VThe 
proportions are 272 parts, or 1 equivalent of the corrosive 
sublimate, and 200 parts, or 1 equivalent of the mercury.) 
rtrhis process affords a beautiful illustration of the truth of the 
Moctrine of definite proportions ; for when these equivalents 
are mixed in a mortar, and then sublimed by heat, 36 parts, 
or I proportion of the chlorine is transferred from the bi- 
chloride to the metallic mercury, thus converting the whole 
into 472 parts of protochloride of mercury, or calomel. 

This process also shows, in a striking manner, the effects 
of different proportions of the same principles, on the quali- 
ties of bodies. Corrosive sublimate is one of the most active 
and virulent of all metallic poisons, and in doses of only a few 
grains, occasions the most agonizing symptoms, which com- 
monly end in death. But calomel is a mild and safe medi- 
cine, which maybe taken in doses of 60, or even 100 grains, 
without injury. And yet the only chemical difference between 
these two substances is, that the calomel is a compound of 1 
atom of chlorine combined with one of mercury, while corro- 
sive sublimate consists of 2 atoms of the first and 1 of the 
metal 

MERCURY AND SULPHUR. 

Sulphur et of Mercury — 216. 

1 p. Mercury 200+1 p. Sulphur 16. 

Cinnabar. 

Cinnabar is prepared by fusing mercury and sulphur to- 

. gether, and afterwards subliming the compound. [When this 

compound is reduced to a fine powder, it forms the well 
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known pigment vermilionX Cinnabar occufs in nature, in 
large quantities, and is the Substance, as already stated, from 
which mercury is chiefly obtained. 

SILVER — 110. 

[ Silver is found native in small quanfities. It also occurs 
mixed with several other metals, as copper, antimony, arse^ 
nic, and sometimes with goldTbut is chiefly found in combi- 
nation with sulphur, forming^ sulphuret of silver. \ 

This metal, when pure, admits of a lustre only inferior to 
that of polished steel, f Its specific gravity is 1 1^ being about 
half that of platina. /In malleability and ductility it excels 
all the other metals except gold and platina.) 
(Silver i» fused by the heat of a commorr furnace, and by 
along continued and high degree of heat it may be volatili- 
zed, or turned into vapor. By slow cooling, this metal may 
be obtained in regular crystals?*) It is not oxidated by expo- 
sure to the combined action of heat and moisture, but is 
readily tarnished byf sulphureous vapor^ Sulphuric acid di^ 
solves this metal, wlien assisted by heatjfbui its proper solveni 
js nitric acid,\with which it readily coinbines, and when the 
solution is evaporated, (forms nitrate of silver,^ a substance 
knovrn under the name^of Zawar caustic. 

Silver is precipitated from its solutions, by several of the 
»iher metals, in its metallic form. This happens when any 
other metal, having a stronger affinity for oxygen than silver, 
is placed in a solution of this metak 

If a quantity of nitrate of silver, or lunar caustic, be dis^ 
solved in water, and a slip of clean poljshed copper be dip- 
ped into it, the copper will be covered with a coat of silver. 

Diana! s silver tree is made by precipitating silver from its 
solution by means of mercury. This interesting experiment 
may be performed in the fallowing manner. ^^Mix together 
six parts of a solution of nitrate of silver, and four parts of 
a solution of nitrate of mercury, both completely saturated. 
Add a small quantity of rain water^ and put the mixture into 
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a glass decanter, containing six parts of amalgam, made of 
seven parts of mercury, by weight, and six parts of silver lea£) 
In the course of some hours, there will appear small shining 
scales of metallic silver on the amalgam, which will increase, 
and shoot out in the form of a silver tree, producing a very 
beautiful appearance. 

Sijvering powder may be prepared in the following man- 
ner, y Precipitate silver from its solution in nitric acid, by 
dropping into it some plates of clean copper. Take 20 
grains of this powder, and mix with it two drachms of cream 
of tar tar, the same quantity of common salt, and half a 
drachm of alum. These articles must be finely pulverized, 
and intimately mixed in a mortar.) If a little of this powder 
be moistened, and rubbed on a cl^n surface of brass or cop- 
per, the silver will be precipitated, and the surface of the 
metal will be covered with it. ( In this way the silvering of 
candlesticks, or other articles, where it is worn off, may be 
replaced, j • The addition of the other articles to the precipi- 
tated silver, probably serves no other purpose than to keep 
the surface of the brass perfectly clean, and free from oxide, 
as the powder is rubbed on. \ 

Silver may also be precipitated on ivory, and then revived 
by the action of solar light, f Into a dilute solution of nitrate 
of silver immerse a slip of polished ivory, and let it remain 
until it acquires a yellow color, then place it in a tumbler of . 
pure water, and expo3e it to the direct rays of the sun for a 
few hours, or until it turns black. If now, it be gently rub- 
bed, the surface will be changed into a bright metallic one, 
and the slip of ivory will, in appearance, be transmuted 
into one of silvei^ (This change is caused by the deoxidizing 
power of the solar rays, in consequence of which, the oxy- 
gen is separated from the silver, and the metal reduced to its 
former state.) 

.^ A very useful solvent of silver is made by dissolving one^ 
part of nitre with about eight parts of strong sulphuric acid j 
This solvent, when heated to about the temperature of boil- 
ing water, will dissolve silver, without acting on gold, copper, 
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lead, or iron, and hence may be conveniently used to exitadt 
th^ silver from old plated goods, &c. 

(The combining number for silver is 11 0,1 it having been 
found that the oxide of this metal contains ilO silver, and 8 
oxygen. 

The sulphuret of silver is composed of 110 of the metal* 
and 16 sulphur. J|- 

60LD — 200. 

(This well known precious metal is found only in the me- 
tallic state, either alone, or mixed with other metals. Jf Con- 
sequently, there is no such thing as an ore of gold.J <jrold is 
sometimes ^und disseminated in rocks, but always in its 
metallic state, and never mineralized by sulphur, oxygen, or 
any other substance. Its specific gravitir is |19y It is the 
most malleable of all the metals, and in auctility is only ex- 
celled by platina. 

The extent to which a given portion of this metal may be 
spread, and still continue a perfectly unbroken surface, is truly 
astonishing. C A single grain of the best wrought gold leaf is 
found to cover fifty-six square inches, and it would take near- 
ly 282,000 such leaves to make an inch in thickness.) This, 
however, is not the utmost limit to which its tenuity 'may be 
extended, for the wire used by lace makers is drawn from an 
ingot of silver gilded with this leaf^ and from the diameter of 
the ingot, compared with that of the wire, it has been found 
that the covering of gold on the latter is only a twelfth part 
of the thickness of gold leaf Supposing the leaf, when first 
placed on the silver, to have been the 30 thousandth part of 
an inch in thicknessj[the covering on the wire would require 
360,000 times its own thickness to make an inch ; and still 
this covering is so entire that, even with a microscope, the 
silver is not to be seen:, 

Gold is the only metal which can be made so thin as to 
transmit the rays of light, and the rays so transmitted, instead 
of being of the same color with the metal, are green. 

(This metal, when pure, is not oxidated, or otherwise alter- 
ed, by being kept in fusion, in the highest heat of a furnace 
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for any length of time.) Sulphuric, nitric, or muriatic acid, 
do not alone produce the least action on gold ;^ut when two 
parts of nitric and one of muriatic acid are mixed, forming 
aqtia regia, the mixture dissolves this metal with facility.) 
Put some nitric acid into one vessel, and some muriatic acid 
into another, and throw a little gold leaf into each. Not the 
least effect on either will be produced ; but if the contents of 
one vessel be poured into the other, immediate action will 
ensue, and the metal will soon be dissolved. 

ft'he solution of gold is decomposed by many substances 
which have a stronger attraction for oxygen than this metal 
has, and by absorbing the oxygen, restores the gold to its 
metallic state. ) 

If a piece of ribbon, or other substance, be moistened with 
some dilute solution of gold, and exposed to the action of a 
current of hydrogen, the gold will be revived, and the rib- 
bon, or other substance, will be covered with a film of gold. 
I By means of a camel hair pencil, the solution may be applied 
to the ribbon in regular figures, and as the appearance of the 
ribbon is not changed by the application, until the hydrogen 
is thrown upon it, a striking experiment may be made in this 
way. ) The hydrogen must be applied while the ribbon is 
moist; and may be blown on, through a tube attached to a 
bladder containing it. 

Sulphuric ether precipitates gold, but instantly dissolves 
the precipitate, forming an etherial solution of the metal. 
This solution is sometimes employed to gild lancets, scissors, 
and other instruments, in order to preserve them from rust. 
This is re^-dily done by the following method. [ Into a given 
quantity, say an ounce of the nitro-muriatic solution of gold, 
pour twice as much sulphuric ether ; shake the vessel, and let 
It stand two or three minutes, and then pour into another ves- 
sel about one third of the mixture. The acid does not mix 
with the ether, but settles to the bottom of the vessel, leaving 
the ether in possession of the gold on its surface ; the por- 
tion decanted into the other vessel, therefore, is an etherial 
solution of gold, j (^ Any perfectly clean and polished steel in- 
strument, will be covered with a coat of gold, if dipped for a 
moment into this solution.^ When taken from the ether, it 
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should be instantly plunged into pure water, to wash off any 
particles of acid, which may be retained in the solution. The 
instrument may afterwards be burnished, when it will have 
all the appearance of the best gilding. 

In this case the gold appears to be in its metallic state, and 
to be retained on the surface of the steel by the attraction of 
cohesion, while the ether evaporates. 

PLATINUM — ^96. 

( Platinum is a white metal, resembling silver in color, but 
a little darker. )Clt is the heaviest of all known bodiesi^having 
a specific gravity of 22.] 

^ This metal comes chiefly from several parts of South Ame- 
rica^: where it is found in small grains, or scales, exceedingly 
hea^y, and nearly the color of wrought iron. In this state 
it is alloyed by several other metals, and requires to be puri- 
fied before it is malleable. (It was first discovered in 1741,] 
but has not been applied to any considerable use until within 
the last twenty years. This metal has lately been discovered 
in considerable quantities in Russia, and is employed for the 
purposes of coin, for which it is well adapted. 

, Platina, like iron, may be weldeditgnd like gold, suffers no 
change from the combined agencies of air and moisture, or 
by long continued heat.^ For many purposes, therefore, it is 
the most valuable of all' the metals. 

: This metal is so difficult of fusion, as to undergo the great- 
est heat of a smith's forge without the least change. None 
of the acids act on it, except the nitro-muriatic, the solvent of 
gold. \ 

■ Platinum is purified and obtained in a malleable state by 
dissolving the grains in 8 times their weight of aqua regia, 
assisted by heat) The acid only dissolves the platinum, leaving 
the iridium and osmium, the metals with which it is alloyed, in 
the form of a precipitate at the bottom of the vessel. The acid 
solution is then evaporated, and the metal precipitated by mu- 
riate of ammonia. The precipitate thus obtained, is heated 
in a crucible, lined with a mixture of clay and charcoal, to 
the utmost degree that can be attained in a blast furnace, 
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when the ammonia and acid are driven off, and the fused 
metal falls to the bottom of the crucible. It is afterwards 
several times heated, and hammered, when it becomes both 
ductile and malleable. In small quantities, this metal may 
be fused by the compound blowpipe. 

r Platinum combines with many of the other metals by fu- 
sion, and forms alloys which possess various properties, some 
of which are useful. \ 

Copper, when alloyed with from one sixth to one twenty- 
fifth part of platina, becomes of a golden color, is much less 
readily oxidated than before, and receives a fine polish. 

(With iron, platina is said to form a compound highly es- 
teemed by the Spaniards, for the purpose of making gun bar- 
rels, which are stronger, and less apt to rust, than iron alone.). 
(From its infusibility, and the difliculty with which it is 
oxidated, this metal is highly useful in the arts, and particu- 
larly for making various chemical and philosophical instru- 
ments.\ 

Retorts of platina are now employed instead of lead, for 
the distillation of sulphuric acid. Being acted on neither by 
heat, nor any single acid, such vessels will probably last even 
for centuries without repair. Their expense would, however, 
often be an objection to their use. In Mr. Tennant's great 
works for the manufacture of bleaching salt, at Glasgow, it 
is said there are nine placina retorts^ which cost about 2,500 
dollars each. 

[Platina is the slowest, or most imperfect conductor of heat, 
among the metals,\ and from this quality, together with that 
of sustaining a high degree of heat without oxidation, it may 
be employed to construct the aphlogls(ic or flameless lamp. 

( This curious lamp retains a coil of platina wire constant* 
ly at a white heat, without either flame or smoke.N It may be 
constructed in the following manner : 

The platina wire to be used for this purpose is about the 
thickness of card, or brass wire. No. 26. If larger, the heat 
is carried oflT too fast, and the ignition ceases, and if much 
finer, it does not retain sufficient heat to keep up the evapo- 
ration of the alcohol, by the combustion of which, the heat 
of the wire is maintained. 
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Such a piece of wire, six or eight inches long, a piece of 
glass tube, and a low vial, are the chief materials for the c<m- 
ftruction of this lamp. 

Fig. 62. The coil A, Fig. 62, is made 

by winding the wire round a 
piece of wood cut of the pro- 
per size and shape. The size 
is determined by that of the 
aperture of the tube, allowing 
for the diameter of the wire. 
Its shape is a little conical, or 
tapering upwards. In winding 
the coil, it is best that the turns 
of the wire should come in con- 
tact, and afterwards be gently 
extended, so as to comeasnear- 
, ly as possible to each other with- 
^^^out touching. The diameter 
Fof the coil may be one fourth, 
'^^®or one sixth of an inch, and 
its length half an inch, containing twenty or thirty turns of 
the wire. 

^is a glass tube three or four inches long, containing the 
cotton wick by which the alcohol is carried up to the wire. 
The wick passes about half way through the coil. 

C is the body of the lamp which contains the alcohol. It 
is a low vial, or glass inkstand, capable of holding two or 
three ounces. The glass tube passes through a cork, and 
dips into the fluid. 2) is a small tube through which the al- 
cohol is poured. This must be stopped to prevent evapora- 
tion. 

When the lamp is thus prepared and filled with alcohol,' 
the fluid is set on fire by holding the platina wire in the 
flame of a candle, and after a few minutes, or when the coil 
becomes red hot, the flame is blown out,\ and if every thing is 
properly adjusted, the wire will remain red hot as long as the 
vial contains alcohol. 

The following appear to be the causes of the permanent 
ignition of the wire. Alcohol, when in the state of vapor, 
combines with oxygen with facility. The temperature of the 
wire is raised by the flame of the candle to about 1000 de- 

Explaln Fig. ^ and describe the construction of the flanielesB Jamp. With whai fluid 
w the lamp filled 1 How is it lighted? Explain the principles which cause the permft- 
nsnt ignition of the platina wire. 
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grees, the point at which alcohol combines with oxygen, or is 
combustible. When this is once effected, the caloric extrica- 
ted by the combustion of the alcohol is sufficient to keep the 
coil at a red heat, which again is the temperature at which 
alcohol is combustible, so that one portion of alcohol, by the 
absorption of oxygen, and the consequent evolution of heat, 
prepares the wire to effect the combustion of another portion, 
and as the alcohol rises in a constant stream of vapor, so the 
ignition is constant. 

' In cases where a light might be suddenly wanted, this 
lamp is highly convenient, for by touching a match to the 
coil, and then to the wick of a candle, a light is immediately 
obtained.) 

Platinum combines with oxygen in two proportions, form- 
ing the 

Platinum. Oxygen. 

Protoxide, composed of 96 and 8, 
Peroxide, do. 96 ** 16. 

PALLADIUM. RHODIUM. IRIDIUM AND OSIMUM. 

(These four metals were found, by Dr. Wollaston and Mr 
rennant,- among the grains of platina brought from South 
America^ 

Palladium. (This metal resembles platina in color, but is 
not quite so brilliant. It is malleable and ductile, and its spe- 
cific gravity is about 11.5. ) Its fusing point is between those 
of gold and platinum. It is soluble in the sulphuric, nitric, 
or muriatic acids. Neither the metal nor its oxides have 
been applied to any use. Its atomic weight, or combining 
number, is 56. ^ 

Rhodium. This metal is hard, brittle, and its specific gra- 
vity is about 11. It is not acted on by any of the acids, 
not even the nitromuriatic, except when alloyed, by other 
metals. I It requires the strongest heat of a wind furnace for 
its fusion^ and when pure is of a white color, and brilliant 
lustre. Its solution in nitromuriatic acid is of a rose red 
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color, and hence the name rhodium, from a Greek word sig- 
nifying a rose.S v 

( The atomic weight, or combining numberof rhodium, is 44/ 
Iridium and Osmium. When platina is dissolved in aqu^ 
regia, there remains a black heavy powder, at the bottom of 
the vessel, which consists of a mixture of iridium and osmi- 
um, r Iridium has been fused, only by the heat of an im- 
mense galvanic batter^ ( The metal is v*'hite, and o/ a spe- 
cific gravity next to that' of platinum, being 18.5.) (Ix is dis- 
solved with great difficulty in any of the acids) has been 
obtained only in small quantities, and is of no use. 

( Osmium is of a dark gray or blue color, and capable of 
supporiing a white heat, without being volatilized, or fused. ^ 
(The oxide of this metal is precipitated in its metallic state 
Dy copper and several of the other metals, and the precipitate 
being agitated with mercury, an amalgam is formed, which 
being heated, the mercury is driven on, and the osmium in a 
pure state remains.'^ In this manner is the metal obtained. 
It is of no use, and has been procured only in small quan- 
tities. 

CLASS II. 

Metals, the oxides of which are not reducible to the me- 
tallic state by heat alone. 

'Order 1. Metals which decompose water at common tem- 
peratures.) These are, 

j Potassium, Lithium, St^ontium,^ 

\ Sodium, Barium, Calcium. 

f These metals attract oxygen with the most intense degree 
01 force. They absorb it from the atmosphere, and even 
decompose water, by combining with its oxygen, at common 
temperatures. Such is the force by which they hold this 
principle, that their oxides had resisted all attempts to decom- 

Eose them, until the discovery of galvanism placed in the 
ands of men a more powerful decomposing agent than was 
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before known. ^ By means of the^ost intense electrical re- 
pulsionl the alkalies, before considered as simple bodies, were 
shown CO be the oxides of metals. After the secret of their 
composition was known, chemises devised other and less ex- 
pensive means of effecting their decompositions, so that at the 
present time, sodium and potassium, at first the most expen- 
sive of all substances, are within the means of any one 

FOTASSIITM — 40 

{If a small piece of pure potash, slightly moistened, be put 
oetween two plates of platinum connecteij with the poles of 
a galvanic battery of 200 double plates, the alkali will soon 
be fused and decomposed. Oxygen will separate at the posi- 
tive pole, and small metallic globules, like quicksilver, will 
appear at the negative pole\ In this manner. Sir H. Davy 
first determined the composinon of potash, and separated its 
elements. Potash, therefore, is a compound consisting of a 
metal called potassium, united to oxygen. 

By this process the metal can be obtained only in minute 
quantities ; but chemists, now understanding that to obtain 
potassium in any quantity, only required that the oxygen 
should be separated from the potash, soon found more ready 
means of performing the experiment The following is the 
method first employed by Thenard : 

A clean and perfectly sound gun-barrel is provided, and 
bent in the manner shown in Fig. 63, and covered with an 
infusible lute between the letters O and E, Fig. 1. The in- 
terior of the luted part is filled with clean iron turnings, and 
pieces of fused potash are placed loosely in the part between 
E and C. , 

What is the process by which Sir H. Davy decomposed potash? 
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A, A, is a copper tube and small receiver, adapfed to the 
extremity of the barrel O, and to each other, by grinding: 
This apparatus is then transferred to a furnace, arranged as 
shown by Fig. 2. At each end of the barrel are the glass 
tubes X and T, dipped into cups of mercury, so as to let the 
air from the barrel escape, as it is rarefied by the heat, and 
at the same time prevent its return. The furnace is supplied 
with air by a double bellows entering at B, and a small wire 
basket, G, is suspended in the space between E, and C. The 
part of the barrel in the furnace is now raised to a white heat, 
and the escape of air by the tube X, shoAvs that all is tight. 
Some burning charcoal is now placed in the end E, of the 
basket, which causes a portion of the potash to liquefy and 
fall into the lower part of the gun-barrel, among the iron 
turnings. Hydrogen gas instantly escapes at the lube X, in 
consequence of the decomposition of the water contained in 
the potash, by the heated iron. The copper tubes. A, A, 
must now be kept cool by wet cloths. When the evolution 
of gas ceases, fresh charcoal is placed under the potash, and 
so on till the whole has passed down. If too much potash 
be allowed to fall down at once, the extrication of hydrogen 
at X, will be violent, and should be avoided. If the space 



Describe Pig. 63 
KiminsB wid heat 



. and explain the method of decomposing potash by means of fn» 
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between A and O, sLould become stopped by potassium, the 
gas will issue at the tube T, and then some burning charcoal 
must be placed between A and O, which will remove the 
obstruction. 

When all the potash has been fused and made to pasft 
among the iron turnings, the process is finished, and then 
the tubes X and T, must be removed, and the ends of the 
barrel instantly stopped with corks until the apparatus has 
cooled. The barrel is then carefully removed, and a little 
naphtha suffered to run through it, by which the potassium is 
coated and thus preserved from the contact of air, while pour- 
ing out of the barrel. The potassium is found in globules 
in the tube and receiver, A, A. 

^The success of this process is certain, if the heat is suffi- 
cient ) but the barrel, if not carefully covered with lute, is apt 
to melt, when most, if not all, the potassium will be lost. 

fin this process, the decomposition of the potash is effected 
by the iron turnings, which at a high heat have so strong an 
attraction for oxygen, as to absorb it from the potassium, and 
as the iron combines with the oxygen, the potassium is left 
in its pure state.) 

/^Pota§§ium is solid at ordinary temperaturesjQ)ut becomes 
mnd a£ 150°, and then appears like mercury^ S}^^^ perfectly 
opaque, and a good conductor of electricity ana caloric. At 
the temperature of 5^° it is soft like wax, and yields to the 
pressure of the fingers. In this state it resembles an amal- 
gam af mercury and tin. Its specific gravity is 0.865, water 
being l.OOO. ^ 

The most prominent chemical property of this metal is its 
extreme avidity for oxygen. When exposed to the air, it 
oxidizes rapidly, and when thrown on water it decomposes 
that fluid, by absorbing its oxygen with such rapidity as to 
set itself on fire, and burns with a white finme, ana great evo- 
lution of heat, while swinmiing on its surface, ': 



What is the condition on which it Is said (his experiment will certainly succeed f 
What is tlie principle on which the decomposition of the potash is eflTected by means of 
iron turnings and heat 1 What is the appearance of potassium 1 Is it a conducuxr 
of caloric and electricity 1 At what temperature does H become fluid, and at what sem> 
perature is it solid 7 What is the specific gravity of this metal t What i 
produced when potassium is thrown on water 1 
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POTASSIUM AND OXYGEN. 

Protoxide of Potassium — 48. 

1 p. Potassium 40+1 p. Oxygen 8. 

Potash. 

(potassium combines with oxygen in two proportions, form 
ing the protoxide, and peroxide of potassium.) (The first, which 
IS common potash, is formed whenever potassium is put into 
water, y)r exposed to dry air, or oxygen gas. 

The proportion of oxygen which this metal absorbs, to 
convert it into potash, is readily ascertained by the volume 
of hydrogen liberated when it acts on water. For.Avhen 
potassium is phmged at once under that fluid, it is oxidized 
without the evolution of light or heat, and it is found thai 
each grain of the metal so placed, separates 106 cubic inches 
of hyarogen gas. Now, by knowing previously what are the 
relative volumes and weight of hydrogen and oxygen com- 
posing water, it is easy tp calculs^te the exact quantity of oxy- 
gen absorbed, by the above data. \ 

J Thus, Sir H.'Davy found that' 40 grains of this metal de- 
composes precisely 9 grains of v/rfter. Now as 9 grains of 
water is composedf of 1 grain of hydrogen, and 8 ox^'^gen, so 
40 parts of potassium combines with 8 parts of oxygen, to 
form oxide of potassium, or potash. Potash is therefore com- 
posed of } 

' Potassium 40 or one atom. 
Oxygen 8 or one atom. 

^ 48 combining number for potash. 

When potassium is allowed to absorb oxygen in the open 
air, or when plunged under water, it combines with only one 
proportion of oxygen, as above stated. /But when this metal 
burns in the open air, or in oxygen gas, it is converted into 



In how many proportions does potaraium combine with oxygen 1 What common 
HbsCanee is foniMtl when |iota«ium is ex|x«ed to the air 1 When potasntlum is plunged 
unuer water, how is it ascertained wliat quantity of oxygen it abforbe 7 Suppose 40 
grains of potaas'.um decompose 9 grains of water, Iww does it appear In wliai proportion 
poounium and oxygen combine 7 What ht tlie equivalent number for })otaBti 1 When 
pocassium is burned in the open air, or in oiygen gaa, what proportion of ozy^n doM 
Uabsorbt 
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an oranje colored substance,(which is the peroxide of potas- 
sium. \ This is composed of 

Potassium 40 or one atom. 
Oxygen 24 or three atoms.\ 

: The potash of commerce is obtained from the ley of y[Ooi 
ashes, boiled down in pots, and hence the name potash. ' ' It 
is chiefly used in the manufacture of soap and glass.^ For 
the former purpose, the ley itself is often employed, and is 
better than the solid potash, dissolved in water, since the pot- 
ash ?oon absorbs carbonic acid, and then its quality for soap 
making is in a great measure destroyed. From this circum- 
stance it is, that soap makers mix with their ley a quantity of 
newly burned quicklime^hich renders the solution of potash 
caustic, by absorbing from it the carbonic acid, with which it 
has combined. \ 

J Soft soap only can be made from potash, while hard soap, 
ts'^made from soda. 

^Common green glass is made by fusing sand and wood 
ashes together, by means of an intense heat, produced by the 
combustion of dried wood, in a blast furnace. ) (Flint glass, 
which is perfectly white and transparent, is made by fusing 
together a quantity of potash and white sand, ur ground 
quartz, to which are added a proportion of lead, and a little 
manganese.] 

ISalt of larlcur, sail of wormwood, pearl-ash, and carbonate 
of potash) are only different names for the same article, some 
of which are more pure than others. 

SODIUM — 24. 

'^ By the same process which showed potash to be a com- 
pound body, soda was also found to be of the same nature. ) 
Although first procured by means of galvanism, it may be 
obtained by precisely the same method as that described for 



What to the oxide called which to so formed 1 How la the potaah of commeree pro* 
«ured 1 In what mauuraciuree is the article chiefly employed 1 What is the use of cartio* 
Aate ofUme in suap making 7 How do the soaps made from potaah and soda difier 1 What 
are the materials fur making green glass 1 What are the materialafor making flint 
f tafli 1 What other names are applied te potaah I What ia tha psoceai of decompostaf 
aoda, aiul obtainiog the metal sodium t 
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(he production of potassium, only placing soda in t&e gcrh 
barrel, instead of potash. 

( Sodium has a strong metallic lustre, similar to that of sil- 
rer.) fit is a little less fusible than potassium, not becoming 
perfectly fluid until it has acquired the temperature of nearly 
200°. Its specific gravity is somewhat greater than that of 
potassium, being 0.972.) (When thrown on water it pioduces 
a violent eflervescence, but does not inflame like potassium. 
The water is decomposed by its action, hydrogen escapes, 
and there remains a solution of soda in the water.) (Like po- 
tassium, it must be preserved in a vial covered by naphtha, a 
substance which contains no oxygen.) 

SODIUM AND OXYGEN. 

Protoxide of Sodium — 32. 
1 p. Soda 24+1 p. Oxygen 8. 

Soda. 

^ When the metallic base of soda is burned in dry atmos- 
l^eric air, protoxide of sodium, or soda, is formed. \ The 
sai&e compound is formed when sodium is thrown into wter, 
and the composition may therefore be determined in the man- 
ner already described for potassium. From such an experi- 
ment it has been found that soda is composed of 

Sodium 1 equivalent 24 

Oxygen 1 do. 8 

32 equivalent of soda.' 
The peroxide of soda is composed of the same equivalent 
of sodium, with two equivalents of oxygen. Sodium 24, oxy- 
gen 16—40. 

Soda is readily distinguished from other alkalies by the 
fallowing characters. With muriatic acid it forms the com- 
mon table salt, with the taste of which, every one is familiar. 
With sulphuric acid it forms Glauber's salt, or sulphate of 



Wlat ii the appetrance of sodiam 1 Tn what respects does this metal differ from po* 
l—riiimT What is the efTect when sodium is thrown upon water? How is the metal 
pranrvedl What compound is formed when sodium is burned in atmospheric air, oi 
thBMTB into water ? What is the composition of protoxide of sodium, or soda 1 What 
m iha •quivaleat number for soda 1 How ia soda distii^iahed from the other alkaliea t 
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BodBLA All the salts of soda are soluble in water, and are not 
precipitated by any other substances. 

SODIUM AND CHLORINE. 

Chloride of Sodium — 60. 
i 1 p. Sodium 24+1 p. Chlorine 36. 

{Common Salt) 

When sodium is exposed to chlorine, or is heated in muri- 
atic acid gas, the salt is formed, lately known under the 
name of muriate of soda, or common salt. Vl'^is is an abun- 
dant product of nature, and exists, ready formed, in Spain, 
England, Poland, and other countries, m large quantities. 
In these countries it is duff out of the earth, and is known 
by the name of rock saltj Sea water and certain springs 
also contain this salt in solution. 

When common salt is dissolved in water, and the solution 
is evaporated rapidly, ^it crystallizes in the form of hollow 
four-sided pyramidstfbut if allowed to evaporate spontaneous- 
ly, it occurs in regular cubes.) Thus, the crystals show in 
what manner the salt has been manufactured, f In England, 
vast quantities of salt are annually raised from the mines, 
chiefly of Cheshire, and purified For sale^ (The impurities 
consist chiefly of clay and oxide of iron, besides which, it 
contains various proportions of sulphate of magnesia, or Ep- 
som salt, sulphate of lime, and muriate of lime. It is purified 
by being dissolved in sea-water, and subsequo."*.ly evaporated. 
(Formerly, all the English salt was evaporateu by artificial 
neat, the brine being boiled until it was ready to shoot into 
crystals. Its crystals were, therefore, always in the form of 
hollow pyramids J But it has been supposed, by victuallers 
and others, that this salt is far less efficacious, as a preserver 
of animal food, than that prepared by the spontaneous evapo- 
ration of sea-water in hot clnnates. {Hence, salt from the West 
Indies,* which is crystallized in solia cubes, has been preferred 
for curing provisions for long voyages, or for summer use. 



What is chloride of sodium 1 What the sources of common salt 1 When a solution 
«r common salt is evaporated rapidly, what is the form of its crystals? When evapora. 
ted slowly, in what form are the crystals 1 Whe^e are the salt 'mines of England! 
What impuriti^ exist in the Cheshire ruck salt 1 How is this salt purified ? Why wen 
the crystals of this salt always in the form of hollow pyiamids? What salt was (onnedy 
supposed best for the preservation of animal substances 1 
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In this country, although immense quantities ot common salt 
are manufactured, by the evaporation of water from salt 
springs and from the sea, and a sufficient supply for our con- 
sumption might be made, yet we annually import large quan- 
tities from the West Indies, there having been, until lately, an 
opinion that no other kind of salt w^ould preserve animal sub- 
stances through the hot season. 

f Dr. Henry, for the purpose of ascertaining the difference 
between English saU, crystallized by heat, and that from the 
West Indies, crystallized by spontaneous evaporation, ana- 
lyzed many specimens of each. The result showed the pre- 
sence of sulphate of magnesia and sulphate of lime in both, but 
the difference in the quantity of muriate of soda, in several 
specimens of each kind, was so trifling, as to make no possi- 
ble difference in respect to their preserving qualities. It is 
presumed, therefore, that the prejudices in favor of foreign 
salt ought to be discarded as imaginary, and that equal 
weights of fine or coarse salt, whether made by artificial or 
spontaneous evaporation, are equally efficacious for all pur- 
poses.^. 

Common salt contains no water of crystallization>'but de- 
cripilates remarkably when heated, owing to the cotiv<ersion 
of the water int9 steam, which is mechanically confined with- 
in its crystalsy Its solubility is not, like most other salts, in- 
creased by heat,", and ut requires two and a half times its 
weight of water for solution, whether hot or cold. | 

LITHIUM 18. 

[Lithia is an alkaline substance, discovered by M. Arfwed- 
son, a Swedish chemist, in 1818.) '.It exists in the minerals 
called spodumene, and lepidolite^ and also in some varieties of 
mica. , 

This alkali is distinguished from potash and soda, by its 
power of neutralizing larger quantities of the different acids, 
and by its action on platinum, when melted on that metal.* 

In respect to its metallic base, called lithium. Sir H. Davy 
succeeded, by means of galvanism, in obtaining a white metal 



What is said of the real difference between salt made by rapid or 8lo\v evaporation 1 
Does common salt contain any water of crystallization 7 Why does common salt decri- 
pltate, oi Ay in pieces, wlien thrown u\iou a fire 7 Is the solubility of this salt increased 
by heat 1 What quantity of water does it require for solution 7 What is lithia 7 In what 
minerals is this alkali found 7 How is lithia distinguished from potash and soda 1 
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from lithia, similar in appearance to sodium, but it was oxi* 
dized so rapid 1 v. and reconverted into the alkali, that it could 
not be collected.] 

f From the experiments of several chemists on the sulphate 
or lithia, it is inferred that the alkali, lithia, is composed of 
the metal lithium 10, combined with oxygen 8, making the 
combining number for lithia 18.^ 

Lithia has been procured only in very small quantities, 
and has never been applied to any useful purpose. 

BARIUM 70. 

There is a substance, called sulphate of harytes, which is 
found abundantly in nature. /By the decomposition of this 
substance, an alkaline earth is obtained, called baryta or bar 
rytes. ) ^hen barytcs, in the form of paste mixed with water, 
is exposed, in contact with mercury, to the action of a power- 
ful galvanic battery, its decomposition is effected, and the 
metal barium, its base, amalgamates with the mercury. The 
amalgam being exposed to heat, the mercury is driven ofij 
and pure barium remains. \ 

.The metal thus obtained, is of a dark gray color, with a 
lustre inferior to cast iron.'irit fuses at a heat below redness, 
and at a red heat is converted into vapor, which acts violently 
upon glass. ) /The specific gravity of barium is four or five 
times that of water. ^i : When exposed to the air, it falls into 
a white powder, which is found to be an oxide of barium, or 
barytes. ; When heated in oxygen, it burns with a deep red 
lignt,(and when thrown into water, the fluid is decomposed, 
hydrogen being extricated, 

BARIUM AND OXYGEN. 

Protoxide of Barium — 78. 

1 p. Barium 70+1 p. Oxygen 8. 

Barytes. 

When the metal barium, is exposed to the air, it falls into 

a powder, which was formerly called pure barytes, or baryta, 

but which Sir H. Davy has proved by the above stated ex* 



What is known concerning the metallic haae of this alkali 1 What are the equiralent 
Dumbera of lithium, and lithia 7 How is baryta obtained 7 By what piocess is barium 
•sparatad from baryta 1 What is the color of barium 1 At what temperature is barium 
(uatUe 1 What is the speciflc gravity of barium 1 When barium is expand to the air| 
w)^ com^und is formed } 
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periment, to consist of a metal and oxygen. This substance 
IS therefore called oxide of barium. 

Oxide of barium may also be obtained by a different pro- 
cess from that above described, viz.iby exposing the carbon- 
ate of baryta to an intense heat, mixed with charcoal/) 

The carbonate of barytes is found native in small quantities, 
but maybe obtained from the sulphate of barytes by a simple 
process, f Mix sulphate of barytes in fine powder, with three 
times its weight of carbonate of potash, (pearlash), and a pro- 
per quantity of water. Let the mixture boiLfor an hour, now 
and then breaking the lumps into which it is apt to run, with 
a pestle. By this means the two salts will decompose each 
other, and there will be formed carbonate of barytes. and sul- 
phate of potash. The carbonate may now be exposed to a 
nigh heat, or it may be dissolved in nitric acid, and this de- 
composed, which is effected by a moderate heat, when prot- 
oxide of barium, or barytes. will be obtained^ (This substance 
is of a white color, has a sharp caustic tasfe ; changes vege- 
table blae colors to green ; neutralizes acids, with which it 
forms salts, and is a strong poisonA When wattr is thrown 
on it, it falls into fine powder, lite quicklime, but with a 
greater evolution of heat. 

. Barytes is composed of 

1 equivalent, or atom of barium, 70 
.1 dp, of oxygen, 8 

The equivalent combining number "or barytes, 78 J 

^ Barytes is soluble in about twenty parts of wateA at com- 
mon temperatures, and this solution forms a delicate test for 
the presence of carbonic, acid. fThe carbonate of barytes 
being insoluble in water, a white cloud is instantly formea by 
the union. 

STRONTIUM — 44. 

The sulphate and carbonate of strontian, or strontia, are 
native salts. They consist of pure strontian, combined with 
sulphuric and carbonic acids. • From the sulphate, the car- 



When thrown into water, what eflfects are pnxluced 1 By what pmcess may barium 
be obtained without the agency or galvanism 7 How may carbonate of barytes be ex- 
tiacted (rora the sulphate ? What are the proiieriles i>f liarytea, or protoxide of barium 1 
WFiat is the eoniposition or barytes? lu what quantity of water is burytua soluble 1 
Why is barytes a test for earbonic ocidl How is the carbonate of strontian produced 
ftom the sulphate 1 
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bonate may be procured by precisely the same means as al- 
ready described for barytes,\and the pure oxide may also be 
obtained, and the metal strdntium separated from it,' by the 
same process as that described for barytes^ 

• Strontia resembles baryta in most resp(ects. It slakes in 
water, causing an intense heat, and possesses distinct alkaline 
properties. 

(The metal strontium is similar to barium in appearance.) 
and when exposed to the air quickly attracts oxyo^en, and is 
converted into strontia. (Perhaps the principal difference be- 
tween these two substances, which has been detected, is their 
different combining proportions with oxygen, and the inertness 
of jlhe oxide of strontium on animals. ^ 

• The protoxide of strontium connsists of 

Strontium, 1 equivalent 44 
Oxygen, 1 ^o. 8 

52* 

[ The oxides of barium, as already stated, are strong poi- 
sons, but those of strontium are inert. ^ 

CALCIUM — 20. 

t When carbonate of lime, or v*'hite marble, is exposed to a 
red heat, the carbonic acid is expelled, and there remains a 
white caustic substance, well known under the name of quick- 
lime. vWhen this sulstance is exposed to the action of galva- 
nism, in the same manner as already described for the decom- 
position of barytes, calcium, the metallic base of lime, is sepa- 
rated. This metal is of a whiter color than barium, and has 
a lustre like silver.-.. When exposed to the air, it absorbs oxy- 
gen, and is converted into quicklime, ^andUvhen thrown into 
water, the fluid is decomposed, its akygen being absorbed, 
while hydrogen is given ofC and a solution of lime remains. 



How is the pure earth strontia obtaimd from the carbonate 1 By what process is the 
metal atrontium sepnrated from strontia 1 What is the appearance of this metal 1 What 
is the composition ol strontia, or the prutoxirle of strontium 7 What is liie combinii^ 
number of strontia I What is the difiereoce between strontia and baryta ? What is quick- 
lime 1 How may quiclclime le decomposed, and calcium, its metallic base, be separatedl 
What is the appearance of calcium 1 How is calcium converted into quicklime 1 VHau 
t is produced when calcium is thrown into water) 
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CALCIUM AND OXYGEN. 

Oxide of Calcium — 28. 

1 p. Calcium 20+1 p. Oxygen 8. 

Quicklime, 

(From the quantity of hydrogen evolved hy the action of 
calcium on water, yt has heen determined that lime is com 
posed of ^ ' 

'Calcium, 1 equivalent 20 
Oxygen, 1 do. 8 ) 

Making the equivalent for lime, ( 28 ) 

Carbonate of lime exists in great abunaance as a natural 
product, under the names of limestone, marble, and chalk. 
Quicklime, the pure earth, is obtained by exposing the car- 
bonate to heat, and is a substance of great importance in the 
arts, and particularly in building. Mortar is composed of this 
substance combined with water, and mixed wiih a proportion 
of sand. 

Gtuicklime absorbs water with remarkable avidity, and at 
the same time a high degree of heat is produced. This pro- 
cess is called slaking^'^ditid the heat is caused by the conden- 
sation of the water into a solid state, in consequence of which 
caloric is evolved.X The lime will remain perfectly dry after 
having absorbed orie third of its weight of water, which there 
fore forms a part of the slaked lime, orfhydrate of lime.} 

Hydrate of lime is composed of ^ ^ 

( 28 parts or 1 proportion of lime 
^ 9 parts, or 1 do. of water 

37 is therefore its combining number^ 
Lime is very sparingly soluble in water, and it is a singular 
fact, that it is more soluble in cold, than in hot water.^Thus, 
Mr. Dalton found that one grain of lime, at the temperature 
of 212° required 1270 grains of water for its solution, while 
at the temperature of 60°, the same quantity was dissolved in 



How is the combining proportion of oxygen with catciam detennined 7 Wliat i« the 
compoeltion of lime, or oxide of calciam 1 What is the equ'valen' number for lime? 
What causes the heat, when water is thrown on quiclclime 7 What is the scientiflc nama 
for slaked quicklime 7 What is tlie composition of hydrate uf lime7 Wliat aingular 
fact is mentioned concerning the solubility of lime in cold, and hot water 1 
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778 grains of water. ^By other experiments, it has been 
found that water, at the Treezing point, will take up just twice 
the quantity of lime that it will at the boiling point. ^ Conse- 
quently, on heating lime water, which has been prepared in 
the cold, a deposition of the lime will ensue. .^Lime water, 
therefore, when used for medicinal purposes, should be pre- 
pared in cold, instead of hot water, as commonly directed, 
and should also be kept in a cool place. ^. It should likewise 
be closely stopped from the air, for,\as the lime has a strong 
attraction for carbonic acid, of which the atmosphere always 
contains a small portion, if left open, it is soon converted into 
carbonate of lime,^^s shown by the production of a thin pelli- 
cle on its surface,^ 

Lime water is a delicate test for the presence of carbonic 
acid, with which it forms a white insoluble compound, the 
carbonate of lime. / The air from the lungs contains a small 
quantity of carbonic acid, and hence, on blowing into a vessel 
of clear lime water, it instantly becomes cloudy, or turbid. ^ 

LIME AND CHLORINE. 

Chloride of Lime — ^92. 

2 p. Lime 56+1 p. Chlorine 36. 

Oxymuriate of Lime, Bleaching Powder, 

(The gas called chlorine, as already shown, possesses strong 
bleaching or whitening powers ; \ but ^ as it would be incon- 
venient to manufacture this gas at every place where it is 
wanted, and as its application is more convenient when com- 
bined with some other substance, it is found that in practice, 
these purposes are best answered by first combining it with 
lime. ^ The manufacture of bleaching powder is a business 
of great importance, and is carried on in large establish- 
ments prepared for the purpose. 

The retorts, in which the gas is extricated, are made of lead 
or plalina. If of lead, 'they must be of new metal and cast, 
for the gas acts on tin, a part of the composition of solder. 



Ilow much mora lime will water disBoIve at the freezing than at the boiling point? 
Bad lime water, for medicinal purposes, ought to be made with hot or cold water 1 Why 1 
Why should lime water be closely stopped from the air 1 Why does lime water become 
doudy when air from the lungs is blown into ill What is the chemical name for bleach* 
lug powder 1 Does the bleaching property exist in the lime or in the chlorine 1 What ars 
the advantages of combining the chlorine with the lime for this purpose 1 Why mwt 
new lead be used for retorts in making chloriiw 1 
20 
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and since old lead generally contains a portion of this metal, 
owing to its having formerly been soldered, it is soon destroy^ 
ed. These retorts are placed in iron vessels of water, to 
which the heat is applied. In large manufactories, each re- 
tort is capable of containing 10 cwt. of common salt, ground 
with from 10 to 14 cwt of black oxide of manganese, in pro- 
portion as the latter contains more or less oxygen. This 
being introduced, there is added from 16 to 18 cwt. of sul- 
phuric acid, of the specific gravity of 1650. The lime, recently 
slaked, is contained in trays, or shallow boxes of wood, placed 
in a(large chamber, built of granite, or siliceous sandstone, 
or Inoed on the inside with lead. This chamber has two 
windows of glass opposite to each other, through which the 
workmen are enabled to see how the process goes on. Every 
part of tbis chamber is made air tight, the door being secured 
by fat lute, and strips of clothA 

In order to get rid of the remaining gas, after the absorp- 
tion of the lime is completed, there are three trap dcors, one 
in the roof, and two in the floor or sides of the cbamber. 
These are opened by means of ropes and pullits, so that the 
workmen may avoij the vapor that posses out. 

'The lime being placed in the boxes,\lhe gas is let in to the 
chamber from the retorts, under which a fire is afleruards 
kindled, in order to hasten the process, ar.d obtain more 
chlorine. \The gas, being heavier than air, is let in at the 
upper part of the room,\and gradually descends, while the 
air in part mixes with it; and in part rises above it. 

J The lime absorbs the chlorine with great avidity, its con- 
densation causing the evolution of a large quantity of" caloric ; 
the latter circumstance is, however, to be avoided, as too high 
a heat partly decomposes the chloride of lime, by expelling 
the oxygen, and thus forming a chloride of calcium instead 
of a cllloride of lime.' The gas is, therefore, admitted slowly, 
in order to avoid this consequence. 

, The process continues four days, before the absorption is 
considered sufficient to make the best bleaching powder, for 
its quality depends entirely on the quantity of chlorine which 
the lime contains* ) 
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/In some manufactories, the lime is stirred by means of 
rakes, with long handles passing through the sides of the 
room, the passages being made close, by means of milk of 
lime, or lime moistened, so as to be about the consistence of 
cream, and contained in boxes through which the handle 
passes. In others, the traps above described, are opened at 
the end of two days from the beginning of the process, and 
when the gas has subsided, the workmen enter and rake 
over the lime, so as to present a new surtace to the action of 
the gasr\ The doors and traps are then closed, and the gas 
admitted^ for -two days more, at the end of which time the 
process is finished, and the doors are again opened, and the 
chloride of lime removed, and put into close casks for use. 

(|n general, according to Mr. Gray, a ton and a half of 
good bleaching powder is considered the average product of 
each ton of the salt employed^ 

(It is said that the principal difficulty in the manufacture of 
this article, is the production of chloride of^ calcium, by de- 
composition, instead of the chloride of lime.) To understand 
the cause of this difficulty, it must be remembered, that cal- 
cium and chlorine have a stronger affinity for each other than 
calcium and oxygen. Lime is composed of calcium and 
oxygen; and chloride of lime is therefore composed of oxy- 
gen, calcium, and chlorine. Now these three elements being 
present, there is formed a chloride of calcium, in consequence 
of the cause just stated; and in proportion as this is formed, 
the bleaching property of the salt is destroyed, this property 
being possessed only by the chloride of lime. The same 
effect is produced wHen the temperature is raised too high 
during the manufacture of this compound, for then the oxy- 
gen of the lime or base is expelled, and the calcium and 
chlorine form chloride of calcium. The only mode of avoid- 
ing this difficuhy, appears to consist in admitting the chloriae 
Blowly, as already stated. 

This salt is also subject to decomposhion from other causes. 
(When mixed with water, and exposed to the action of the 
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atmosphere,/ carbonic acid unites with the lime, while the 
chlorine is expelled, j and thus a carbonate instead of a chlo- 
ride remains, or by decomposition of the water, a muriate of 
lime is formed, which is also without bleaching propertiesr. I 
As the goodness of bleaching powdermepends entirely On 
the quantity of chlorine it contains.'S it is a matter of great 
consequence to the purchaser to ascertain its quality in this 
respect, by actual experiment. According to the experiments 
of Dr. UreAime, under a slight pressure, is capable of con- 
densing nearly its own weight of chlorine; Abut according to 
the same author, the bleaching powder of ofcmmerce always 
( contains a considerable proportion of the muriate of lime,^ 
" while the chloride itself often does not contain more than one 
half or one third the quantity of chlorine which the lime is 
capable of absorbing. Hence the consumers of this article 
are often cheated out of one half or two thirds of the price 
they pay for it, besides the delay and vexation incident upon 
the failure of the process in which it is used. The manufac- 
turers of paper and cotton goods are often sensible of this fact, 
bj experience. 

' It appears, on experiment, that when bleaching powder^ i» 
kept for a considerable time, even in properly secured ves- 
sels, such as glass bottles well corked, that it still slowly un- 
dergoes the same change, which is immediately effected by 
heat, as described above. This seems to be in consequence 
of the superior affinity of chlorine for the calcium, or the 
metallic basis of the lime, by which the oxygen is slowly 
disengaged, an-d a chloride of calcium, or muriate of lime, is 
formed, and thus the bleaching power is in process of time 
^atirely destroyed.^ 

The principal expense of manufacturing chloride of lime, 
being that of the chlorine itself, and there being no method 
of ascertaininof its quantity, except by experiment, the pur- 
chaser generally has to depend chiefly on the honesty of the 
manufacturer, for the goodness of the article, even when re- 
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eently made. But as there are several causes of decompo- 
sition, even when it is honestly and carefiilly made, the buyer 
is still liable to be deceived, unless he makes his experiment 
before the purchase. 

Under such circumstances, the English chemists have de- 
vised several simple methods of testing the quality of bleach* 
ing powder, in order that the buyer might judge of its good* 
ness without actual trial at home. 

f^One of these methods is, to expose the salt to a sufficient 
degree of heat to expel the oxygen from the lime, and by 
measuring its quantity, to judge of tho quantity of the chlo- 
ride of lime.^ The quantity of oxygen thus expelled, indicates 
the quality of the bleaching powder, so far only as regards 
the quantity of muriate of lime with which it is mixed ; for 
as above stated, the baae of the chloride contains oxygen, 
while the muriate contains none. But in addition to the im- 
perfection of this method in not indicating the actual quan- 
tity of chlorine present, there is much difficulty in ascertain- 
ing the quantity of oxygen by it, since various proportions of 
chlorine might also be disengaged by the heat, alonff with 
the oxvgen. This method cannot therefore be readily or 
generally employed. 

It has also been proposed, to analyze the powder by nitrate 
of silver. But this test only indicates the quantity of muriate 
of lime, by forming with the muriatic acid an insoluble chlo- 
ride of silver. This test is therefore useless. 

Several other methods have been tried, and among them, 
that of destroying the color of a certain quantity of indigo 
has been most employed. 

\A known quantity of indigo being in solution, a certain 
number of grains of the powder is aciiied, and the strength of 
the latter ascertained by the amount of coloring matter de; 
stroyed, or by the number of grains required to discharge, 
entirely, the color of a certain quantity of indigo. 

This method has the advantage of simplicity, tut is defec- 
tive in other respects, and particularly sof in regard to thd 
difference in the quantity of coloring matter in different kinds 
or specimens of indigo. 
'The most accurate method is to decompose the chloride 
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of lime confined in a glass tube, over mercury, by means of 
muriatic acid. ) The chloride by this means would only be 
decomposed, atid converted into the muriate of lime, while 
the muriate already formed, would remain as before. By 
this process the chlorine of the chloride is set free, unmixedL 
and its quantity readily measured by the tube in which the 
experiment is made. 

nThere being no standarc^ of the quantity of chlorine which 
the best bleaching powder ought to contain, it is by the com- 
parison of dijSerent specimens only, that the purchaser can 
be guided. 

Experiments have long since shown, that chlorine has the 
power of combining with, or in some other manner, neutral- 
izing, or destroying, the fetid exhalations arising from putri- 
fying substances, and of preventing their deleterious effects. 
In cases of infectious disease, therefore, it is highly useful. 
For this purpose, a table spoonful or two of the powder is 
mixed with a pint of water, and placed in the sick room, and 
sprinkled in the rooms adjoining. The fetid effluvia from 
putrid water, from sink drains, or from any other source, is 
immediately destroyed by the application of a quantity of the 
chloride. 

By placing a sheet, wet with the chloride of lime water, in 
the bottom of the coffin, and afterwards often sprinkling the 
shroud with the same, the bodies of the dead may be pre- 
served without offence for many days in the hottest season. 

Phosphuret of Lime, (fhis compound is formed by passing 
the vapor of phosphorus over fragments of quicklime, at a red 
heat^ The experiment may be performed in the following 
mantier. 

(Having procured a tube of green glass about a foot and a 
half long, and half an inch in diameter, stop one end with a 
cork, or otherwise, and place in it a drachm of phosphorus, 
letting it occupy the closed end. Then holding the tube in 
a horizontal position, push into it with a wire, or rod, pieces 
of fresh burned quicklime about the size of peas, until they 
fill the middle part of the tube, taking care that the lime does 
not reach the phosphorus by two inches. Then stop the 
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mouth of the tube loosely, to prevent the free access of the 
air, but leaving room for that in the tube to pass out as it ex- 
pands. 

, Next, heat that part of the tube containing the lime red 
hot, by means of a chafing dish of coals, at the same time 
keeping the phosphorus cool by a wet rag passed round the 
end of the tube. When the lime is seen to be at a red heat, 
bring a hot iron or lamp under the phosphorus, which will 
soon be turned into vapor, and passing over the lime, the two 
substances combine, and form the phosphuret of lime.) 

(When phosphuret of lime is thrown into water, mutual de- 
composition ensues, and there rises bubbles of phosphuretted 
hydrogen through the fluid, which take fire on reaching the 
air. The phosphorus absorbs the oxygen from the water, 
thus liberating the hydrogen, which combines with a portion 
of phosphorus, formmg the gas above named.] 

Order 2. — ^Metals which are supposed to be analogous to 
order 1st, but whose properties are but little known. These 
are, ^ j^ 

Magnesium Ittrium and 

Glucinum Aluminum Zirconium 

Magnesia, glucina, ittria, alumina, and zirconia, before 
the galvanic experiments of Sir H. Davyj^iave been known 
under the general name of ear/A^,) and/ were considered pure 
elementary substances. ^ When tnese \earths are submitted 
to the action of a powerful galvanic battery, they all give 
more or less evidence that their bases are metals combined 
vnth oxygen. ' Magnesia, for instance, when exposed for a 
long time to the action of a powerful battery, in contact with 
mercury, appears to be decomposed;) for the mercury be- 
comes enlarged in bulk, and losing its fluidity, shows signs 
of having formed an amalg*am with the metallic base of the 
magnesia. When this amalgam is heated in a close vessel 
out of contact with the air, the mercury is driven oflT, and 
there remains a dark gray film, of a metallic appearance, 
which, when exposed to the action of oxygen, is converted 
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into a white powder, having the properties of magnesia. It 
is therefore concluded, that magnesia has a metallic base, 
though the metal itself has never been separated in such 
quantities as to allow any further examination of its proper- 
ties than those above stated. 

\ When the earth alumina, which is the base of alum, is 
brought into contact with the vapor of potassium at a white 
heat, and in a close vessel, the potassium is converted into 
potash.^ Now, as potassium is converted into potash only by 
the absorption of oxygen, and as the oxygen could have been 
derived from no other source except the alumina, such an ex- 
periment shows that alumina contains oxygen, and therefore 
by analogy, there is reason to suppose ihoX alumina is com- 
posed of the metal aluminum and oxygen. 

^The other earths above named, when submitted to similar 
experiments, have each shown that they contained oxygen ;^ 
and as potash, soda, and lime, are known to be metallic ox- * 
ides, that is, to consist of a metal combined with oxygen, it is 
inferred that the earths, possessing similar properties, are 
also composed of a metal united with oxygen. It is therefore 
agreed among writers on chemistry, that the bases of these 
earths should be arranged as metals, under the names above 
specified ; though their existence, with perhaps the exception 
of magnesium, has never been directly proved. 

In consequence of the discovery, or the inference, thai the 
earths possess metallic bases, their names, in conformity with 
the language of chemistry, are changed from words denotinor 
simple bodies, to such as denote compounds. (Thus, the earth 
formerly called magnesia, is now kno^vn under the name of 
oxide of magnesium, and the simple term alumina, is changed 
to oxide of alu7ninum,^the same language being adopted with 
respect to all the other earths above named. 

Properties of the Earths. 

Magnesia, or oxide Magnesium. Pure magnesia is well 

known as a medicine, under the name of calcined magnesia. 

( This is obtained by exposing the carbonate of magnesia to a 

red heat.'- It is white, tasteless, and inodorous, but possesses 
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slight alkaline properties^Jyeing capable of changing the blue 
colors of vegetables to green^and of neutralizing the acids, 
with which it forms various saline compounds. (One of these, 
the sulphate of magnesia, of Epsom salt, is a well known 
medicine.) 

Magnesia, in a few instances, has been found in the native 
state, but always in small quantities only. That sold by 
apothecaries is obtained from certain springs, as that of Ep- 
som, where it exists, in combination with sulphuric acid, 
forming Epsom salt, which is dissolved in the water. 

(Calcined or pure magnesia, if exposed to the air, absorbs 
carbonic acid, and is converted into a carbonate.^ (Hence, a 
large proportion of that used in medicine, and sold for cal- 
cined, is in truth the carbonate, the change being effected by 
carelessness, in exposing the calcined to the air. ) 

Alumina, or Oxide of Aluminum. The earth alumina is one 
of the most abundant productions of nature, every description 
of clay being an aluminous earth, jof a greater or less de- 
gree of purity. (The clay, of which bricks, pipes, and earthen 
ware are made, consists chiefly of this earth.. \The ruby and 
the sapphire, two of the hardest and most beautiful of gems, 
are a6o composed of alumina.) l-\ire alumina, for experi- 
ment, is most easily obtained from alum, which is a sulphate 
of alumina and potassa. (^To obtain the earth, dissolve one 
part of alum in six parts of boiling water, and wheij the so- 
lution is cold, add one part of carbonate of potash.^ ^By this 
process the sulphate of alumina is decomposed, in conse- 
quence of the strong affinity existing between the potash and 
sulphuric acid, and two new salts are formed, viz. sulphate of 
potash and carbonate of alumina, the latter being precipitated 
to the bottom of the vessel] This precipitate being washed, 
and then exposed to a red4ieat, to expel the carbonic acid, is 
pure alumina. 

TThe substance, thus procured, is white, inodorous, soft to 
the touch, and tasteless.N Mixed with water, it forms a mass 
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which IS exceedingly plastic, and may be worked into all 
shapes. The tenacity of every kind of clay is owing to the 
alumina it contains. 

Alumina, being insoluble in water does not affect the co- 
lors of vegetables. It, however, performs the part of an 
alkali in neutralizing the acids, and forming with them saline 
compounds. 

Glucina, or Ozide of Glucinum. The earth called glucina 
has been discovered but in small quantities,\being known to 
exist only in the minerals, emerald, beryl, and euclase. ^ Jts 
name comes from a Greek word signifying sweet, because 
some of its combinations are sweet to the taste. ) In some of 
its properties it resembles alumina, and in others it differs 
from all the other earths. One of its distinctive properties 
is that above mentioned, of forming a compound, when dis- 
solved in sulphuric acid, which is sweet to the taste. 

lUrla, or Oxide of lUrium. Ittria resembles .alumina and 
glucina in most of its chemical properties,(^but differs from 
them both, in being insoluble in a solution of pure potash^ 
This earth has been found only in a single rare mineral, in 
Sweden. It forms peculiar salts, when combined with the 
acid s, an d is thus^knowato^ffer from all the tether earths. 



Zirconia, ot^Oxide of Zirconium. This earth is also ex- 
ceedingly rare^ having been detected only in the zircon, a pre- 
cious stone found in Ceylon, and the hyacinth of France.) 
[t resembles alumina and the other earths in being a white 
soft powder, (its salts are distinguished by being precipitated 
from their solutions by all the pure alkalies.^ 

Zirconium, the base of this earth, was separated from its 
oxygen, by the Swedish chemist, Berzelius, in 1824. It wa.* 
in the form of a black powder, which took fire in the opei 
air at a temperature far below a red heal, and burned with t 
bright flame. 1 The product of the combustion was zirconia 
But whether mis base is of a metallic nature, has not beeD 
decided.) It is wanting in one property common to all metals, 
being a non-conductor of electricity. 

Silica, or Oxide of Sllicium. TSir H. Davy's experiments 
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on silica lead him to suppose, that in common ^yith the earths 
above described, it had a metallic base, and it was arranged 
with them, in conformity to this opinion. But more recently, 
Berzelius has succeeded in decomposing this earth, and has 
ffiven an account of the properties of its base)(jFrom this we 
learn that silicium is of a dark brown color wuhout the least 
trace of metallic lustre. ) That it is incombustible in the open 
air or in oxygen gas, and that ii may even be exposed to the 
flame of the blowpipe without fusion, and without suffering 
the least change. It is not dissolved by any of the acids, ex- 
cept a mixture of the nitric and fluoric, with which it readily 
enters into solution. It is not a conductor of electricity. 
These properties, and particularly its want of metallic lustre, 
and of power to concluct electricity, prove that the base olf 
silica is not of a metallic nature. 

Silica, orsilex, is a very abundant natural product.flt forms 
a large part of all granitic, or primitive rocks, ana moun- 
tains, and is the chitf ingredient in sandstones, and earthy 
formations. Jftlock crystal, or quariz, flint, chalcedony, agate, 
cornelian, ana a' 1 other substances of this kind, are composed 
almost entirely of silexj 

^ilica maybe obtained in sufficient furity, for most purpo- 
ses^jy healing transparent rock crystal to redness and plung- 
ing it into water,while hot, and then reducing it to powder. ) 
In this state,(si.'ex is a while powder, which feels harsh 
when rubbed between the finders, and has neither tasienor 
smell. It is exceedingly infusible, but may be n^elted with 
the compound blowpipe.) It resists the action of all the acids. 
except the fluoric, which dissolves it with considerable faci- 
lity. It is dissolved by the flxed alkalies, and hence it would 
appear that its properties are rather of an acid, than of an al- 
kaline nature. On this account several chemists have called 
silica an acid, and the compounds which it forms with the 
alkalies, have been termed silicates. 

From what has been said, the student will infer that there 
is yet considerable doult and uncertainty, in respect to the 
real nature of silica. 

Dr. Thompson, being convinced of its non-metallic nature, 
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arranfifes it with the simple bodies carbon and boron. ^There 
is no doubt, however, from the experiments of Davy and Ber- 
zelius, of its compound nature; and that it consists of a base 
combined with oxygen, has been proved by direct experiment.^ 
But that its base is not a metal is proved from its want of lus- 
tre, and power to conduct the electric fluid, these two proper- 
ties being essential to all metallic bodies. 
^Silex in the form of sand, is a principal article in the ma- 
nufacture of glass. \ The common dark colored, or green 
glass, is composed oi impure sand, which contains oxide of 
iron, melted with kelp, wood ashes, or impure potashes. 
Crown glass, for windows, is composed of white sand, fused 
with a purer alkali. Plate glass, for looking glasses, is made 
of still purer materials; and what is known by the name of 
flint glass, of which decanters, and other ornamental or cut 
glassware is madej^js composed of the purest sand and al- 
kali, with the addition of a considerable portion of lead, which 
is added in the form of litharge, or red lead. ) This is the 
softest and heaviest kind of glass. It cuts more easily, and 
withstands the changes of temperature much better than glass 
containing no lead. 

Order 3. — ^Metals which decompose water at a red heat. 
These are. 

Manganese, Iron, and 

Zinc, Tin, Cadmium. 

(The power of a metal to decompose water, depends on its 
aninity for oxygen.^ In some instances, as in those of potas- 
sium and sodium, already given, the metals have so strong 
an affinity for oxygen, as to absorb it from water, at common 
temperatures. Other metals do not decompose this fluid at 
any temperature, such being the 4th order of^he present class. 
Tnose now to be examined, have an affinity for oxygen, which 
they slowly absorb from the atmosphere, and a part of which 
they retain at high degrees of heat. But their attraction for 
oxygen is not in sufficient force to decompose water, except 
when heated to redness, when the combination is eflTected 
with considerable rapidity. 
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MANGANES1B 28. 

Qrhis metal always occurs in nature in combination with 
oxygen, and which it holds with such force as to require the 
most intense heat for its removal.N The metal may, ho\yever, 
be obtained in a pure state/ by 'exposing the black, or per- 
oxide, mixed w^ith a combustible, to the highest heat of a 
smith's forge.] The combustible, which may be pitch or 
powdered charcoal, with which the oxide is mixed, is thus 
made to absorb the oxygen, and the metal is found at the 
bottom of the crucible. 

j[^Manganese is of a dusky white color, with a specific gra- 
vity of 8. ) When exposed to the air it absorbs oxygen, and 
soon falJs into powder, which afterwards changes its color 
from gray to brown, and from brown to black, according to 
its grade of oxidation. ( When this metal is exposed to a red 
heat, and the steam of water is passed over it^ decomposition 
takes place, the oxygen of the water combined with the man- 
ganese, and the hydrogen is disengaged. 

MANGANESE AND OXYGEN. 

Peroxide of Manganese — 44. 

1 p. Manganese 28 -f 2 p. Oxygen 16. 

Black Oxide of Manganese. 

This compound occurs abundantly in nature, and is known 
under the name of black oxide of manganese. It is found in 
amorphous masses, of a dark gray or nearly black color, and 
is commonly mixed with various proportions of sand, oxide 
of iron, carbonate of lime, or other impurities. In its pure 
state, it occurs in the form of prismatic crystals of a dark 
color, and slightly metallic lustre. 

In this state the metal contains its full proportion of oxygen, 
and undergoes no change on exposure to the air, or to a 
moderate heat. (When heated to redness, it parts with one 
proportion of oxygen, and is converted into a deutoxide. ) In 
this manner oxygen gas may be obtained. (The peroxide of 
manganese is of considerable consequence "in the arts, and 
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particularly in the formation of chlof ine for the manufacture 
of bleaching powders, and also in furnishing oxy^gen gas for 
other chemical uses. \ The methods for obtaining these gases 
have already been described. 

The peroxide of mercury is composed of 

1 proportion of manganese, 28 

2 proportions of oxygen, 16 

44 

There are two other oxides of manganese, viz. the protox- 
ide, and the deutoxide. (There is also reason to believe that 
manganese is capable of combining with such proportions of 
oxygen as to tbrm acids ; but the subject has not been suflS- • 
ciently investigated to determine the composition or nature 
of these compounds. 

Manganese combines with the acids, and forms a variety 
of salts, which are either colorless, or of a reddish or pink 
hue. These salts are found only in the laboratory of the 
chemist, and are of no use in the arts. At a red heat this 
metal decomposes water. 

IRON-^28.: 

This well known metal has a gray color, and a strong 
metallic lustre^ which is much improved by burnishing. .'Iron 
is at once the most useful, the most abundant, and tbe\nost 
universally diffused of all the metals. ^ It is found in the 
mineral, the vegetable, and the animal kingdoms, and in 
some countries it exists in such quantities as to form moun- 
tains of considerable size. 

When heated, it becomes soft and malleable, and in this 
state two pieces may be incorporated, or welded together, by 
hammering. Its specific gravity is about 8. It is attracted 
by the magnet, and may itself be made permanently magnetic. 
This property is of vast consequence to the world, being pos- 
sessed by no other metals except nickel, and cobalt, and by 
these in a much inferior degree. 

viron has a strong affinity for oxygen, and when exposed to 
air and moisture, soon rusts or oxidates on its surface. " In a 
perfectly dry atmosphere, however, it undergoes little or no 
change, a proof that it absorbs oxygen with more facility 

What is the cvnpositioo of the peroxide of manganese 1 What is said of the acidi of 
e 9 What is Uie combining number for iron 1 What is said of the i 
Bofironl VHiat is aaid of the affinity of ixxn for oxygen 1 
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froth water than from the air. When heated, it attracts oxy- 
gen both from air and water, with great rapidity. \When 
the steam of water is passed over iron, at a red heat, the wa- 
ter is decomposed, its oxygen combining with the metal, 
while the hydrogen is set at liberty. V When heated to red- 
ness, in oxygen gas, it burns with intense brilliancy. (^ Iron is 
exceedingly ductile, and may be drawn into wire not exceed- 
ing the thousandth part of an inch in diameter ; but it cannot, 
like gold and silver, be hammered into thin leaves, and there- 
fore is not highly malleable.^ 

The ores of this metal are very numerous, and some of 
them highly beautiful and interesting. They are chiefly sul- 
phurets and oxides, but the oxides are the only ores from 
which the inetal is obtained.) 

Iron has, in a few instances, been found in its native state, 
mixed with lead and copper, or with some earthy substanca 
<'lt has also been found in large masses, alloyed with five or 
^six other metals, and called meteoric iron, from an opinion that 
these masses fell from the clouds. Native iron is soft and 
malleable as it occurs, and does not diflTer from that which 
has been reduced from its ores and purified 

Cast iron contains variable proportions of carbon and oxy- 
gen, and in this state it is hard and brittle. . These impuri- 
ties are detached by the process of refining, and then the iron 
becomes soft and malleable- 

rSteel is made by heating pure iron with carbon, or char- 
coal, by which it is rendered exceedingly hard and brittle. 
This change is produced in consequence of the absorption of 
a portion of carbon by the iron. Steel, therefore, is compo- 
sed of iron and carbon, and its scientific name is carburet of 
iron. 

IRON AND OXYGEN. 

Oxide of Iron, 
Riist of Iron. 

Iron combines with oxygen fin tyro proportionSfYorming the 
blue and red oxides of this metal.) 



Under <w1iat clrcumalancM does iron decompoee water 1 In what doea thia decompoalF 
tioa oonsiac 1 What ia said of the ductility and maUeability of iron 1 In what state doea 
inm occur aa a natural produa 1 What ia the ore from which iron ia extrACted 1 What 
la mataorie iron 1 What are the Impurities contained in east iron 1 How ia ataelnuala 1 
Wbatiathacompoattionof aiMll What ia the adenttfic name of steal ? 
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Protoxide of Iron. The black or protoxide of this metal 
is formed by passing dry hydrogen over the red oxide, at a 
temperature a little below redness. (This oxide is composed 
of 1 equivalent of iron 28, and 1 equivalent of oxygen 8. It» 
combining^ number, therefore, is 36.) 

The Black Oxide of Iron, w^hich occurs in the form of 
scales, when iron is heated and hammered in the open air, is 
not a definite compound, but a mixture of the black oxide and 
metallic iron. 

Peroxide of Iron. This is the red oxide, and is known to 
mineralogists as a native compound, under the name of red 
hematite. The same article is known to button makers, and 
other artists, under the name of blood stone, and is employed 
to polish their work. The peroxide may be prepared by art, 
by dissolving iron in nitric acid, then precipitating it with 
ammonia, and heating the precipitate to a little below red- 
ness, to drive oflTthe acid. Its color and other properties are 
like those of the native red oxide. ( The peroxide of iron is 
composed of iron 28, and oxygen 12. j 

The Brown Oxide of Iron is composed of precisely the 
same proportions of the metal and oxygen as the red oxide, 
but in addition to these ingredients^ it contains one proportion, 
or 9 parts of water. 

The other oxides of iron are either mixtures of the red and 
blue oxides, or one or both of these oxides containing vari- 
ous impurities. The great number of oxides of this metal, 
described in books of mineralogy, and differing from each 
other in color, hardness, and form, arise from such mixtures. 
(^Thus, the magnetic oxide of iron, or native magnet, is com- 
posed of peroxido of iron 71, and protoxide 29 to the 100.; 
The brown oxides of iron all contain water, and are, therefore, 
called hydrates. The ochres are of this kind. 

, Iron combines with carbon, sulphur, iodine, phosphorus, 
and the different acids. ' Its compounds are, therefore, ex- 
ceedingly various, in respect to form, color, and properties. 
We shall, however, examine only two or three of these com- 
pounds here, the sahs being reserved for another place. 

Carburet of Iron. Steel, we have already said, is a car- 
buret of iron. This important metal is manufactured from 



In how many proportions does oxygen combine with iron 1 What are die names of 
these oxidesi What is the composiilon of the protoxide? What is the composition ot 
the peroxide of iron 7 How does the brown differ from the red oxide of iron 1 What is 
the composition of the native magnet 1 What substances are mentioned with which ixoa 
eombines? 
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the iron, by exposing the latter to a long continued red heat, 
in contact with charcoal. For this purpose, the purest mallea- 
ble iron, in bars, is employed, and As found to gain in weight, 
one pound in 150, by the process.^ Steel, therefore, consists 
of iron combined with a 150th part of its weight of car- 
bon, which it absorbs from the fire. (^When iron is per- 
fectly enclosed, and heated with a fragment of diamond, it is 
converted into steel, in the same manner as when heated 
with charcoal ] ^his experiment shows the identity of car- 
bon and diamond, the only difference being the color and 
crystalline form of the latter.^ It also proves that the hard- 
ness of steel is owing to the particles of diamond which it 
contains. 

The native carburet of iron, commonly known under tne 
name of black leadXox plumbago, contains 95 parts of car- 
bon and 5 of iron.1 This substance is infusible at the high- 
est heat of a furnalfce, and henceQs employed in making cru- 
cibles and melting pois. It is also used in making black lead 
pencils. J 

Sulphur et of Iron. (This compound occurs as a natural 
product^and is known to mineralogists and others, under the 
name of iron pyrites, (it is a yellow brittle substance, often 
crystallized in the form of cubes,") or octobedrons, with iheir 
surfaces highly polished. ^Thes6 specimens are generally 
taken for gold,)by those who are ignorant of such maUers, 
and the places where they are found, are sometimes kept a 
profound secret for years, for fear the owner of the soil should 
claim a part of the wealth. Every mineralogist, on pro- 
nouncing such specimens of no value, has occasionally wit- 
nessed the fallen countenance of the applicant, whose hopes 
and expectations he had thus blasted. ' Sulphuret of iron may 
also be formed by touching a bar of iron, at a glowing red 
heat, with a roll of brimstone.' The compound will fall down 
in drops. The natural and artificial sulphurets are composed 
of precisely the same definite proportions, viz. iron 28, and 
sulphur 16. 



In what proportion is the weight of iron increased bj being converted into steel 1 What 
li said of converting iron into steel by means of the diamond 1 What does this experi- 
ment prove? What is the composition and the proper name of blacli lead? What are 
the uses of blacic lead ? Is sulphuret of iron a natural, or artificial compound 1 What 
Is the appearance of the native sulphuret of iron? What precious metal is this com' 
pound sometimes taken for 7 How may sulphuret of iron be formed artiflQ^aUj 1 WJ^ 
is the composition of sulphuret of iron 1 

21* 



ZINC — 34. 

Zinc/wlien pure, is of a bluish white colortand of a stix- 
sted fracture, presenting the result of a confused crystalliza- 
tion. When rubbed with the fingers it imparts to them a pe- 
culiar metallic taste and smell. When cold, this metal is not 
malleable/but when heated to between 200° and 300°, it be- 
comes both malleable and ductile.Nlf its temperature be raised 
to 400°, it becomes so brittle as to be readily reduced to pow- 
der, in a mortar. 

(Zinc melts at 680 degrees, and if this temperature be in- 
creased, it burns with a bluish flame in the open air. /When 
melted with copper it forms the alloy, well known under the 
name of brass. \ 

This metal iiever occurs in the native, or pure state).but is 
always found combined either with sulphur, carbonic acid, or 
ojcygen. '^ The sulphuret of this metal, called zinc ble7ide, and 
the carbonate, called calamine^ are the ores from which zinc 
is obtained. (The sulphuret being roasted, that is, submitted 
to a low l*ed heat in the open air, to drive off the sul- 
phur, and oxidize the metal, is then melted with charcoal, by 
which the oxygen is absorbed, and the metal reduced. The 
calamine is first roasted to drive off the carbonic acid, and is 
then distilled in iron retorts, by which means the pure metal 
ta obtained, j Tnis latter process is said to have been learned 
of the Chinese, and that a man was sent from Europe to 
China on purpose to obtain the secret. Pure zinc, when ex- 
pdsedto a white heat in a close vessel, will, in the same man- 
ner sublime, and again condense, unchanged. 

ZINC AND OXYGEN. 

Oxide of Zinc — 42. 
1 p. Zinc 34+1 p. Oxygen 8. 

Flowers of Zinc. 

■ When zinc is exposed to a red heat in the open air, it burns 
with a white flame, and at the same time an oxide of the 
metal is formed. Which rising by the heat, falls around the 



What is the color of pure zinc t Under what circumstance m 2inc malleable ? In what 
temperature does zinc melt 1 What is the composition of brass 1 Is zinc ever found in 
the native state 7 What are the names of the ores of zinc, and of wh«i are they com« 
posed t How is zinc reduced from its sulphuret 1 How is calamine reduced ? How is tbi 
OKide of zinc formed 1 



place of combustion in the form of white flakes. ' This sub- 
stance was formerly called fioweis of zinc, and sometimea' 
philosophical wool., It is an oxide of the metal, and the only- 
one known. When this oxide is collected, and again sub- 
mitted to the fire, it does not rise, as before, but melts into a 
clear glass. 

\When the vapor of water is brought into contact with 
metallic zinc at a red heat, the water is decomposed, the zinc- 
combining with its oxygen, and forming an oxidA in the same 
manner as is done in the open air. Both these oxides are 
composed by weight, of 

1 atom, or equivalent of zinc, 34 
1 do. do. oxygen, 8 

Combining number for oxide of zinc, 42 
CADMIUM — 56. 

. Cadmium is one of the new metals, having been discovered' 
in certain ores of zinc, in 1817.) This metal in color and 
lustr^ resembles tin,\but is harder and more tenacious. It is 
both ductile and maneable to a considerable degree.. Its spe- 
cific gravity is nearly/8.5.} It fuses at a temperature some- 
what less than 500 degrees, and at a little higher heat it rises 
in vapor, and condenses in globules like mercury. 

When cadmium is heated in the open air, like many other 
metals, it absorbs oxygen, and is converted into an oxide. 
It is readily dissolvecl by the nitric acid. When heated in 
contact with the vapor of water, the fluid is decomposed, and 
an oxide of the metal is formed. 

Cadmium combing, so far as is known,, with only one pro- 
portion of oxygen. '.This oxide is composed of 
Cadmium, 1 equivalent 56 
Oxygen, 1 do. 8 

64^ 
Cadmium, like the other metals, forms salts by combina- 
tion with the acids. But these compounds are little known, 
and of no value. 

What was this oxide formerly calkd 1 Bow may zinc he made to decompose water t 
What is the composition of oxide of zinc, and what is its combining number 1 What h 
cadmium? What other metals does cadmium resemble 1 Is this a britUe or a malleahle 
metall What is the specific gravity of cadmium 1 What is the composition of oxida^ 
Mdmluml 
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TIN 59. 

Tin must be examined in the state of grain, or block tin ; 
what is commonly called tinA being sheets of iron, merely 
coyered with this metalA ^ 

; Tin is procured from its native oxides, by heat and charcoal, 
on the same principle that has already been described for iron 
and several other metals."^) The ores of tin are only two, viz. 
' an oxide, and a sulphuret. ' fThis metal is not readily oxidized 
by exposure to the atmosphere, though the brilliancy of its 
surface is soon tarnished. It is highly malleable, but not 
equally ductile,\its tenacity not being sufficient to allow its 
being drawn into fine wire. (^ Its specific gravity is 8. ^ When 
heated to whiteness, it takes fire in the open air, ana burns 
with a white flame, being at the same timef converted into an 
oxide ; at a red heat it decomposes water. ^ 

Tin is a highly useful metal, being employed for many va- 
luable purposes in the arts and conveniences of life. ; Thin 
sheets of iron, being dipped into melted tin, receive a coat of 
the metal, and are thus prevented from rusting.^ This is called 
sheet tin, andf is the article of which the common tin ware is 
made. Tin f^l, that is, tin rolled into thin sheets, is used 
for many purposes. Electrical jars are coated with it, and 
the backs of looking-glasses are formed of an amalgam of 
tin foil and mercury. Block tin forms a part of Britannia 
ware, of princes* metal, of pewter, speculum metal, &c. 

TIN AND OXYGEN. 

Tin combines with oxygen in two proportions : \The first, 
or the protoxide^ is formed when the metal is kept for some 
time in fusion in me open air.A At this temperature it absorbs 
oxygen from the atmosphere, and is converted into a gray 
powder. This powder is the protoxide, and is composed of 

{' 1 equivalent, or atom of tin 59 
1 do. do. oxygen 8 

67 ) 
This oxide is soluble in acids and in ammonia. The se- 

Or what meta] is the sheet tin chiefly composed ) How is tin procured from its oxide 1 
What are the only ores of tin 7 Is tin readily oxidized by exposure to the air or not 1 
What is said of the malleability and ductility of tin 1 What is the 8})eci/ic gravity of tin % 
Into what is this metal converted when burned in the open air 1 How is sheet tin made % 
What are the principal uses of tin 1 In how numy proportiooi does tin combint with 
oxygen 7 How is the protoxide of tin formed % 
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cond, or peroxide of tin/is prepared by dissolving the metal 
in nitric acid, slightly (muted with water.) It is a powder of 
a yellow color, and is composed of 

[ 1 equivalent of tin, 59 

' 2 do. of oxygen, 16 

Ts) 

This oxide, when melted with glass, forms white enamel. 

Tin combines with sulphur, chlorine, and the acids, form- 
ing a variety of compounds, some of which are occasionally 
used in the arts. 

Order 4. — Metals which do not decompose water at any 
temperature. These are. 



Arsenic 


Uranium 


Titanium 


Molybdenum 


Columbium 


Bismuth , 


Chromium 


Nickel 


Copper 
Tellurium 


Tungsten 


Cobalt 


Antimony 


Cerium 


Lead 



The last order includes all such metals as attract oxygen 
with sufficient force, when heated to redness, to decompose 
water. The present division absorb and retain oxygen at 
high temperatures, but none of them attract that principle^ 
even at the highest temperatures, with sufficient force to de- 
compose water. 

ARSENIC- — 38. 

; There are no mines worked merely for the purpose of ob- 
taining arsenic," the arsenious acid, the only form in which it 
is used, being procured by the process of roasting the ores 
of cobalt. ' The ores of the latter metal, being heated in 
furnaces with long chimneys,. the acid rises and attaches itself 
to the sides of the chimney, in layers, or cakes. After a 
considerable quantity has been accumulated in this manner, 
it is scraped off, and purified by a second sublimation, when 



What is the composition of the protoxide of tini How is the peroxide of this metal 
prepared % What is the quantity of oxygen contained in the peroxide of tin 7 What is 
the definition of order 4tli 1 What are the names of tlie metals arranged under the 4th 
order 1 Are any miUM worked merely to obtain arsenic 1 How is the oxide of anwnle 
piocoredl 
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it forms the well known poison, called white arsenic, or oxide 
of arsenic. 

From the white oxide the metallic arsenic is procured, by 
[heating this with a combustible. J 

In legal investigations, where there is a suspicion of poi- 
soning with arsenic, it sometimes happens that justice will de- 
pend on the decision of the chemist, whether arsenic might 
not have been the cause of death. In such cases, very mi- 
nute portions of arsenic may be detected by means of a com- 
bustible and a glass tube, in the following manner : Let the 
matter suspected to contain the poison, be well dried at a 
low heat ; then mix it with five or six times its weight of 
powdered charcoal, and put the mixture into a thin glass 
tube, closed at one end. If now heat be gradually applied 
to the tube until it becomes red, the metal, if arsenic be pre- 
sent, will rise and coat its inside, showing a brilliant metallic 
lustre, similar to that of steel. If it is found that, on heating 
a small piece of this metal, it rises in white vapor and gives 
the smell of garlic, it is arsenic beyond doubt. 

(The structure of metallic arsenic is crystallineA^nd its spe- 
cific gravity about 8. ) When heated to about 360® it sublimes, 
without fusion, its melting point being far above that at which 
it becomes volatile. If the metal is heated in the open air, 
it is converted into the arsenious acid, and again becomes 
poisonous as before ; but, ^vhile in the metallic form, arsenic 
has no action on the system, and, therefore, is not a poison,^ 

ARSENIC AND OXYGEN. 

Arsenious Acid — 54. 

1 p. Arsenic 38+2 p. Oxygen 16. 

!| White Arsenic, Oxide of Arsenic.) 

; We have stated above, that when metallic arsenic is heated 
in the open air, it is converted into a white substance, 
called oxide of arsenic. This is the arsenious acid of che- 
mists.'^ It differs from the oxides of metals in possessing acid 
Eroperties. It is slightly soluble in water, reddens vegeta- 
le blue colors, and combines with alkalies, forming salts, 



How may arsenic be Mduced from its oxide to the metallic state 1 What is the ap- 
pearance of pure anenici What Is the specific grarity of arsenic 7 Is metallic anenic 
It poison 1 How is arsenious acid formed 1 
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cal]ed( arsenites.^ [The arsenite of potash, usually called 
Fowlefs solution olarsenic, has been long employedin medi- 
cine as a remedy for eruptive, and other diseases. \ 



ARSENIC AND SULPHUR. 



Sulphur eis of Arsenic. 

/^Sulphur combines with arsenic in two proportions^'j^form- 
ing compounds vA'hich are known by the names of orpimenU 
and realger\ These compounds are both of them natural 
products, an^ may also be formed by art. Realger is of a 
red, or scarlet color, with a shining semi-metallic lustre, 
and(is composed of 38 parts of metallic arsenic, and 16 parts, 
or one proportion, of sulphur.) S'S 

Orpiment has a rich yellow color, and a foliated structure. 
Its lustre is shining, and somewhat metallic, and it is readily 
separated into layers, like mica. ^^This is composed of 38 
parts, or one atom of metallic arsenic, and 24 parts, or one 
atom and a half of sulphur.! -^ 2. 

[Orpiment is employed as a paint under the name of King's 
yellow.) 

CHROMIUM — 28. 

The metal, chromium, has been detected only in the two 
native compounds, (^hromaie of lead, and chromaie of iron.^ 
In these two salts, the metal chrome exists in combination 
with so much oxygen as to constitute an acid, which is united 
to the oxides of lead and iron, forming the compounds above 
named. ' Arsenic, as shown above, forms an acid with oxy- 
gen in the same manner, and we shall see presently that 
several other metals when combined with oxygen perform 
the office of acids. 

'Chromium has been procured only in very small quanti- 
ties, by exposing its acid mixed with charcoal, to the highest 
temperature of a smith's forge.) (it is a brittle metal, of a 



What ]b the common name of this acid 1 What is the form of arsenious acid 1 What are 
the salta called which arsenious acid forms with the salifiable bpes 1 What use is made 
of aisenile of potash 1 In how many proportions does sulphur combine with arsenic 1 
What is realger 1 What is its composition 1 How does orpiment differ from realger 1 
What use is made of orpiment 1 >^hat is chromium 1 In what native compound is 
chromium found 1 In what state does chromium exist in these compofunds 7 How has 
chromium been procured 1 



252 CHROMIUM. 

grapsh white color, and very infusible. Its specific gravity 

\Cnromium combines with oxygen in three proportions A 
forming the following compounds: 

Chrome. Oxygen. 

f Protoxide, composed of 28 and 8 
' Deutoxide, do. 28 do. 16 

Chromic acid, do. 28 do. 24 ) 

The oxides of chrome are of no importance in the arts, 
^but the chromic acid forms colored sahs Avith the oxides of 
ihe metals which are extensively employed in painting and 
coloring. ^ 

;'The chromic acid may be obtained in a separate state, by 
bdiling the native chromate of lead in powder, with twice 
its weight of carbonate of potash, and afterwards saturating 
the alkali with dilute sulphuric acid. ; The sulphate of pot- 
ash thus formed, will subside, leaving the chromic acid in 
solution, which on evaporation, will yield crystals of chromic 
ac;d. 

J These crystals are of a ruby red color, and when dissolved 
in water, possess all the properties of an acid. 

The useful compounds formed by combining chromic acid 
with salifiable bases, are prepared from chromate of potash 
in solution, f The latter salt is made by heating to redness 
the native chromate of iron with an equal weight of nitrate 
of potash.^ By this process, the chromate which was in the 
state of ah oxide, is converted into chromic acid, by the 
oxygen of the nitre, the acid at the same time combining with 
the potash of the nitre. The ignited mass is then dissolved 
in water; neutralized by nitric acid, and the solution concen- 
trated by evaporation, when the chromate of potash shoots 
into crystals, of a yellow color. 

The chromate of lead, a beautiful paint, at present largely 
employed under the name of chrome yellow^ is made by mix- 
ing acetate, or sugar of lead, dissolved in a large quantity 
of water, with solution of chromate of potash. A double 
decomposition of these two salts is thus effected, and acetate 



What is the color and what the properties of chromium 1 1n how many proportions does 
chromium combine with oxygen 1 What are the names of these compounds 1 Of what 
use is the chromic acid 1 How may pure chromic acid be obtained 1 What is the color 
and form of this acid 1 How is chromate of potash prepared 7 How is the chromate of 
lead made from the chromate of potash 1 What is the color and use of chromate of leaid \ 
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of potash and chromate of lead are formed. The acetate re- 
mains in solution, while the chromate being insoluble in 
water, falls down in form of an orange colored, or yellow 
powder. This powder being separated from the liquid, and 
dried, forms the beautiful pigment in question. 

MOLYBD£NUM 48. 

Irhe native sulphuret of molybdenum is a ponderous mine- 
ral, which occurs in masses, or is dissemmated in other 
minerals.! Its structure is foliated, and its lustre like that of 
lead recently cut. When this compound is reduced to fine 
powder, and digested in nitro-muriatic acid, the sulphur and 
metal are both acidified by the oxygen imparted to them by 
the nitro-muriatic acid. Vpn heating the solution, the sulphu- 
ric acid thus formed is expelled, while the molybdic acid re- 
mains in the form of a heavy white powder. )(^From this 
powder the metallic molybdenum may be obtained by expos-, 
mg it, mixed with charcoal, to the strongest heat of a smith's) 
forge. 

This metal has never been obtained, except in very small 
quantities, andl in the form of brilliant white globules con- 
tained in a blactcish mass\ tWhen heated in the open air, it 
is soon converted into motybaic acid^ 

Molybdic acid is in the form of a white powder, which has 
a sharp metallic taste, reddens vegetable blues, and forms 
salts with the alkalies, ca\led[molybdates,) 

This acid is composed of 1 ^proportion of molybdenum 48, 
and 3 proportions of oxygen 24. 

TUNGSTEN ^96. 

IThetungstate of iron, is a brownish black mineral, which 
is found both massive and crystallized.^ Its specific gravity 
is upwards of 7, and when broken it presents a foliated struc- 
ture, and a lustre somewhat metallic. 

This mineral, by the miners, is called wolfram, and is com- 
posed of tungstic ^cid and oxide of iron, with a portion of the 
oxide of manganese. 



How is the native sulphuret of molybdenum described 1 By what process is molybdic 
acid procured 1 How is the metal obtained from this acid 1 What is the appearance of 
molybdenum? What are the salts called which molybdic acid forms with the salifiable 
bases 7 What is the appearance of tungstate of iron ? How is tiuigstic acid procured 1 

22 
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From this mineTaljme'tungstic acid may be pfoctired by ike 
action of muriatic acid in the form of a yellow powder. \ 

(When tungstic acid is mixed with charcoal, and exposed 
to an intense heat, the metal is deprived of its oxygen by tbe 
charcoal, and appears in its pure formj 

Tungsten has a specific gravity of \l7.4'j|being next to pla- 
tina, gold, and iridium, the most dense body known. (^ It is 
nearly equal to steel in hardness, and is one of the most infu- 
sible of the metals?^ When heated in the open air, it is recon- 
verted into tungstic acid. (This acid is composed of 96 parts 
of tungsten and 24 parts of oxygen,'^ consequently 96 is the 
atomic weight of this metal, and 1 20f the equivalent number 
for tungstic acid. No use has been made of ibis metal» or aay 
of its compounds. 

COLUMBIUH 144. 

This metal was discovered by Mr. Hatchett of London, in 
a black mineral, which was sent to the British Museum by 
Gov. Winthrop, of ( Connecticut.") The mineral came from 
New London, and is said to haVe been found near the resi- 
dence of the governor. 

Columbium, like tungsten,\ exists in its natural state, com- 
bined with so much oxygen as to perfoim the part of an acid,J 
and is found united to the oxides of iron, or manganese. 

This metal is of an iron gray color, and considerable me- 
tallic lustre, (its specific gravity is 5.5 "*! 

Columbic acid is composed of columbium 144,- and oxy- 
gen 8. Its equivalent number, therefore, is 152. 

ANTIMONY — 44. 

The only ore from which the antimony of commerce is ob- 
tained, is thefsulphuret? From this native compound*jhe pure 
metal is separated, by heating it with half its weight of iron 
filings in a covered vessel.\By this process the sulphur unites 
with the iron, while the fused antimony is drawn oflT at the 
bottom of the vessel. 



What is the process for procuring tungsten from tungstic acid 1 What is the specific 
grarity of tungsten 1 What are the properties of tungsten 1 What is the composition of 
tungstic acid 1 Whence came the mineral in which columbium was first discovered 1 
In what state does columbium exist combined with iron t What is the specific gravity 
of columbium 1 What is the ore from which antimony is obtained 7 In what manner 
is this metal Obtained from its ore 1 
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Antimony is a brittle metal^f a bluish white color, and 
considerable lustra^ Its structure is lamellated, or it consists 
of layers, which are the result of an imperfect crystallization. 
It fuses at about 800°, and when slowly cooled, may be crys- 
tallized in octobedrons. By exposure to the air it tarnishes, 
though not so readily as several other metals, f Its specific 
gravity is about 7. \ 

ANTIMONY AND OXTOEN. '^ 

(Oxygen combines with antimony in three proportions,) 
i forming the protoxide, composed of antimony 44, and oxygen 
8 — ^the deutoxide, consisting of antimony 44, and oxygen 12, 
and the peroxide, composed of antimony 44, and oxygen 16.) 

The deutoxide combines with alkalies, and forms salts ; it 
is therefore called aniimonious acid^ and the salts so formed 
are aiitimonites. 

The peroxide also performs the office of an acid, and com- 
bines with alkalies, forming salts, called antimoniates, the acid 
itself being the antimonic. 

Formerly, there were at least forty different preparations 
of antimony, known and used in medicine. At present this 
number is reduced to three or four, and of these only one is 
in general use, viz., the tartrate of antimony and potassa^ or 
tartar emetic. 

ANTIMONY AND SULPHUR. 

The native sulphuret of antimony, as stated above, is the 
only ore from which the metal is extracted. This is gene- 
rally found in compact masses, though it sometimes occurs in 
long crystals, interlacing each other. It is of a leaden gray 
color, with a metallic lustre. 

The same compound may be formed by fusing antimony 
and sulphur together, or by transmitting sulphuretted hydifo- 
gen through a solution of tartar emetic. 
( Sulphuret of antimony is composed of 

Antimony 1 proportion, 44 
Sulphur 1 proportion, 16 , 



Wha*. ifl the color and what the epeciflc gravity of antimony ? In how many propor- 
tioiM does oxygen combine with antimony 1 What are the oxides called 1 What ia tht 
eompoaitioo of eulphuiet of antimony 1 
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VRANIUM — 208. 

This metal was first detected in a mineral found in Saxony, 
which, from its black color, was C3\\ed( pitchblende^ This 
ore, now called( ^ZacA; oxide of uraniumy\c6niSLixis uranium in 
the state of an (Jxide, mixed with the oxides of iron and lead. 

The metal is reduced from its oxide to the metallic state, 
with great difficulty, even in the laboratory of the chemist. 
According to Klaproth, who discovered it, {^uranium is of a 
dark gray color, with a metallic lustre, and granular texture^ 
It is soluble in nitric acid, fuses only at the highest tempera' 
ture, and affords a deep orange color to epamel. ( Its specific 
gravity is about 8.^ } 

''Chemists are acquainted with two oiides of this metal.\ 
The protoxide is composed of uranium 2P8, and oxygen 8/ 
The combining number of the protoxide isXtherefore 216. 

The peroxide consists of 1 proportion of uranium 208, and 
2 proportions of oxygen 16 ; so that the equi^ralent number 
for the peroxide is 224. '^ -^j 

'The protoxide occurs as a natural product, of a dark eme- 
rald green color, and shining lustre. I: is oAen found at- 
tached to other minerals, in the form of scales, or in bundles 
of crystals, variously grouped, or interlacing each other^ af- 
fording one of the most beautiful products of the mineral king- 
dom.N This oxide is also formed by art, and is employed to 
give a black color to porcelain, the change from green to 
black being produced by the heat of the porcelain furnace^ 

CERIUM — 50. 

The chemists have proved that a metal called cerium exists 
in a reddish brown mineral found in Sweden, and called 
cerite, or siliceous oxide of cerium ; and also in a mineral 
found in West Greenland, and called Allanite. 

The properties of this metal are little kQ,<vwit» it having 
never been obtained, except in minute quantities, not larger 
than a pin's head. 

It has, however, been ascertained, that cerium combines 
with oxygen in two proportions^ and that its combining ox 



What 1b the ore ot urantum colled % What is the ai»pearance of uranhim 7 What to 
its apecific gravitj 1 How many oxides of this metal are known 7 What is said of the 
native protoxide of this metal 7 What uae ia made of thia oxide 7 What u said of Ui« 
•xiatence of the metal cerium 7 
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equivalent number is 50. These oxides are composed of 
cerium 50, and oxygen 8, forming the protoxide, whose equi- 
valent, therefore, is 58. The deutoxide contains the same 
quantity of metal, with one and a half proportions of oxygen. 
Its equivalent is, therefore, 62.^ 

COBALT. 

The ore from which this metal is extracted, is cMed^arse- 
nical cobalL\ It is found in primitive rocks, both disseminated 
and in veins, associated with nickel, silver, bismuth, arsenic, 
and copper. 

When this ore of cobalt is heated in contact with the air, 
the arsenic is expelled in the form of arsenious acid, and the 
sulphur which it also contains is converted into sulphureous 
acid gas, and escapes. By this process, the ore commonly 
loses more than half its weight, and there remains in the fur- 
nace an impure oxide of cobalt, called zaffree. 

(When zaffree is heated with sand and potash, there is form- 
ed a glass of a beautiful blue color, which, when pulverized, 
is extensively known and used under the name of smalt, i^he 
blue color oi porcelain and earthenware, is produced entire- 
ly by this oxide of cobalt^ Paper and linen, also, receive 
their bluish tinge from this oxide. 

From the oxide of cobalt, or zaffree, the metal may be ob- 
tainedljby heating that substance in contact with some carbona- 
ceous matter. ^ If it is intended to obtain the metal in its pure 
state, the zaffree must first be purified from the iron, or other 
metals, which it may contain. 

(j[]Jobalt is a brittle metal, of a reddish brown color, and 
slightly metallic lustre. It is fused with difl5culty. Its spe- 
cific gravity is 8.5. ^^It is attracted by the magnet, and is ca- 
pable of being permanently magnetic^ Muriatic or sulphu- 
ric acid acts but slightly on this metal, but it is readily solu- 
ble inj nitric acid.; 

Cobalt does not attract oxygen by exposure to the air, but 
by a long continued and strong heat, it is converted into an 
oxide of a deep blue or nearly black color. The atomic 
weight of cobalt has not been determined. 



What is said of the oxides of ceriumi From what ore is the metal cobalt obtuned 1 
What is zalTree 1 What is smalt 1 What is the use of oxide of cobalt? How may me* 
lailic cobalt be procured from the oxide 1 What is the appearance of cobalt 1 What is 
duispecifle gravity of cobalt 1 What is said of tiie magnetic property of cobalt 1 What 
acid is the proper solvent of cobalt ? 

22* 
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ThiB metal is the base of that curious liquid called sympa- 
tkttic ink, and which may be prepared in the following man- 
ner : 

^Dissolve one part of cobalt, or zaffree, in four parts of 
nitric acid, and assist the solution by heat. To this solution 
add one part muriate of soda, and four times as much water 
as there was acid.^ 

Characters written on paper, with this ink, are illegible 
when the paper is cold, but become plain, and of ia beautiful 
green color, when the paper is warmed. This experiment 
is rendered still more pleasant by drawing the trunk and 
branches of a tree, in the ordinary manner, and then tracing 
the leaves with the solution of cobalt. In winter such a tree 
will appear without leaves, except when warmed, but in the 
summer, particularly if placed in the sun, it will be covered 
with beautiful green foilage. Screens, painted with this so- 
lution, will show their green when in use, but will immedi- 
atdiy begin to fade w^hen carried away from the fire. 

NICKEL — 40. 

Nickel is generally found mineralized by the acids of 
arsenic. The Saxon ores, among which this metal is found, 
are mixtures of lead, copper, iron, cobalt, and arsenic, com- 
bined^with sulphur and oxygen\ ^n nearly every instance, 
where meteoric iron, or other meteoric products, have been 
analyzed, they have been found to contain this metal. \ 

(Nickel, being of no use in the arts,'^s never reducea to its 
metallic state, except in the laboratories of chemists, as spe- 
cimens or curiosities. 

(Nickel has a i^trong metallic lustre, and is nearly the color 
of tin and silver.) It is both ductile and malleable, and like 
iron and cobalt^^is attracted by the magnet, and may be made 
permanently magnetic' Its specific gravity, after being ham- 
mered, is 9. . It is exceedingly infusible, and suffers no 
change at common temperatures, when exposed to the air j 
but is slowly oxidized at a red heat. The muriatic and sul- 
phuric acids do not act on nickel, but it is readily oxidized 
and dissolved in/nitric acid. 



What te the method of preparing sympathetic ink 1 What are the peculiar properties 
of this inki With what is nickel combined in the natural atate 1 What is said of Um 
exiflteoce of nickel in meteoric products 1 Is this metal of any use in the arts 7 VMuA 
ia the appearance of nickel 1 Wbat is said of its magnetic property 1 What la Ita apt 
oificgrarityl In what acid does nickel dissolve? 
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Nickel combines with two proportions of oxygen. The 
protoxide is composed of nickel 48, and oxygen 8. The per- 
oxide of nickel 40, and oxygen 16. 

c • 

r- BISMUTH 72. 

(jBismuth occurs native, and in combination with sulphur, 
oxygen, and arsenic.N That which is employed in the arts 
and in commerce, is dtrived chiefly from the native metal. 
(Bismuth has a reddish white color, a brilliant lustre, and a 
Toliated structureN It fuses at 476°, being, with tbe exception 
of tin, the most nisible of the solid metals. When slowly 
cooled, this metal may be obtained in octohedral crystals. Its 
specific gravity is 10. 

(^Bismuth enters into the composition of printing type ; and 
its oxides are employed as paints, and in medicine j 

BISMUTH AND OXYOEN. 

Ox%d,t of Bismuth — 80. 

1 p. Bismuth 72+1 p. Oxygen 8. 

Flowers of Bismuth, 

(Bismuth combines with oxygen in only one proportion,\ 
forming a yellowish white oxide. (This may readily be 
formed by submitting the metal to a strong heat in the open 
air. \ It takes fire and burns with a blue flame, while the 
oxide fells down in the form of powder. 

Bismuth is not readily soluble in the muriatic or sulphuric 
acids, but the nitric acid dissolves it with facility, forming 
nitrate of bismuth. 

When nitrate of bismuth, either in crystals or in solution, 
is thrown into water, a copious precipitate subsides, in the 
form of a beautifully white powder. This is the subnitrate 
of bismuth, and was formerly known under the name of 
magistery of bismuth. (This is employed as a cosmetic pow- 
der for whitening the complexion,\but it is a dangerous sub- 
stance for such a purpose, since, ff it happens to be exposed 
to sulphuretted hydrogen, it turns black, thus exposing the 
wearer to mortification and detection. 



What are the states in which bismuth is found 1 What is the color of bismuth) 
What are the uses of bismuth 1 In how many proportions does this luetal combina 
wHh ozygeni How maj this oxide be formedl What use is made of the suboitiita 
orUamuthl 



260 METALS. 

TITANIUM. 

(Titanium has hardly been seen in its pure metalKc state, 
but the analysis of its oxides proves that such a metal exists.) 

The ores of this metal are considerably numerous, and are 
widely disseminated. iThe native oxides of titanium some- 
times occur in long striated, acicular crystals, of a reddish 
brown color, and shining metallic lustre.) Such crystals are 
sometimes contained in transparent pieces of quartz, forming 
specimens of singular beauty. 

The artificial oxides of this metal are white, and are ob- 
tained by difficult processes. They hold their oxygen with 
such tenacity that all attempts to reduce them, by means of 
heat and a combustible, in the usual manner, have failed. 

The equivalent numbers of these acids have not been deter- 
mined with certainty. 

TELLURIUM 32. 

This is an exceedingly rare metal, being hitherto found 
^only in the gold mines of Transylvania, and at Huntington, 
in Connecticut.) , It occurs in the metallic state, associated 
with gold and silver, lead, iron, and sulphur.) (yhe color of 
tellurium is between these of zinc and lead jVtexture lamina- 
ted, like that of antimony, which it also resembles in some of 
its properties. It melts at about 600° ; has a specific gravity 
of 6. 11 ; is brittle, and easily reduced to powder. When 
heated before the blowpipe, it takes fire, burns rapidly with a 
blue flame, and is dissipated in gray fumes, which are an 
oxide of the metal. 

This oxide, which is the only one tellurium forms, is com- 
posed of(32 parts of this metal and 8 parts of oxygen ; so that 
32 is the atomic weight of tellurium, and 40 the equivalent of 
its oxide.N 

COPPER — 64. 

Copper is found native, also combined with sulphur, with 
oxygen, with carbonic acid, arsenic acid, sulphuric acid, mu- 
riatic acid, and with several of the metals.\ Its ores are very 
numerous, and some of them Jiighly beautiful and interesting. 



What is said of the existence of titanium 1 What is said of the natire oxide of tita- 
Bium? Where have the ores of tellurium been found 1 In what state does tellurium 
•ccur? What is the color of tellurium 1 What is the composition of the oxides of td* 
Inrium ? What are the substances with which copper ib found combined 1 
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The uses of this metal are numerous, and well known. * Jn 
the metallic state, it forms a part of brass^ of pinchbeck, of 
Dutch gold, and many other alloys.) 

When dissolved in various acids, it forms compounds which 
are employed for a great variety of useful purposes. 

The green pigment, verditer, is a nitrate of .£opper, preci- 
pitated hy carbonate of lime. Verdigris i« an acetate of cop- 
per. Mineral green is a sulphate of copper, precipitated by 
caustic potash. 

Copper receives a considerable lustre by polishing, but 
soon tarnishes when exposed to the open air. (its specific 
gravity is S.7S) and is increased by hammering. It is mallea- 
ble and ductile, and its tenacity is inferior only to iron. It 
hardens when heated and suddenly cooled. (]At a red heat, 
with access of air, it absorbs oxygen, and is converted into 
the peroxide, which appears in the form of black scales, j 

Twitric acid acts on this metal with vehemence, and it is 
dissolved slowly in the muriatic and sulphuric acids. ^ The 
vegetable acids, as vinegar, also dissolve copper when ex- 
posed to the air, but not t)therwise, the oxygen of the atmos- 
phere assisting in the oxidation of the metal. 

COPPER AND OXYGEN. 

Protoxide of Copper — 72. 

1 p. Copper 64+1 p. Oxygen 8. 

Red Oxide of Copper. 

The red, or protoxide of copper, is found nativetin the form 
of regular octohedral crystals^ variously truncateoT and form- 
ing specimens of great beauty; It may also be prepared ar- 
tificially, by mixing 64 parts of copper filings with 80 parts 
of the peroxide in powder, and heating the mixture to redness 
in a close vessel. By this process, the copper filings attract 
one proportion of oxygen from the peroxide, which contains 
twice the quantity of oxygen contained in the protoxide. 
Thus the quantity of oxygen is equalized, and the whole is 
converted into the protoxide. 

This experiment affords a very simple illustration of the 
Jaw of definite proportions. Eighty parts of the peroxide of 



What are the principal ueee of copper 1 What is the specific gravity of copper 1 
How may copper be convened into a peroxide 1 What acids dissolve this metal 1 lo 
What form does the protoxide of copper occur ? How may the protoxide of copper bf 
prepared bj an 1 
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copper contains 64 parts of the metal, and 16 of oxyg-en. 
When this quantity is heated with 64 parts of copper, 1 pro- 
portion, or 8 parts of oxygen, leaves the peroxide, and unites 
with the copper, thus making, in the whole, 144 parts of the 
protoxide, the copper gaining 8, and the peroxide losing 8, 
the number for each becomes 72, the equivalent for the prot- 
oxide 

Peroxide of Copper — 80. [ 

1 p. Copper 64+2 p. Oxygen 16. 

This oxide is said to be found in the native state. (By art, 
it may be formed by keeping thin pieces of copper at a red 
heat exposed to the air, or by heating the nitrate of copper to 
rednessj 

This oxide is dark brown, or nearly black. When heated 
alone, it undergoes no change, buyf heated in a close vessel, 
with charcoal, or other combu&tible, it parts with the whole 
of its oxygen, and is reduced to the metallic state.) It com- 
bines with most of the acids, and produces salts ot a green 
or blue color. 

Copper combines with sulphur, and forms a sulphuret of 
the metal. This compound occurs native, and may be formed 
by heating a mixture of copper filings and sulphur. It is 
composed of 64 parts of the metal and 16 of sulphur. \ 

LEAD — 104. 

In a few instances lead has been found in the native state ; 
but( it most commonly occurs combined with sulphur, form- 
ing the sulphuret, of a bluish gray color, and strong metallic 
lustre. \ This compound is known under the name offgalena^j 
and is the ore from which the lead of commerce is exclusively 
obtained. 

The color and common properties of lead are well knovim. 
Its specific gravity is 1 iJ In tenacity, it is inferior to all the 
ductile metals. It fuses at about 600°, and when slowly 
cooled, may be obtained in octohedral crystals. When newly 



Explain liow the process for forming the protoxide of copper illustrates the law of defl. 
nlte proportions. How may the peroxide of copper be formed 1 How may the peroxidA 
of copper be reduced to the metallic state 1 What is the composition of the sulphuret ot 
^pper 7 In what state is lead chiefly found 1 What is the common naime for 8ul|dkuret 
of lead ? What is the specific grarity of lead t 



eat, it has a brilliant mptallic lustre, but is soon tarnished by 
Exposure to the air. 

Lead is not oxidized by moisttite without the contact of air, 
and hencj^ it may be kept under pure water, for any lerfgth of 
time, witirout (ihange\ But if water be placed in an open ves* 
sel of lead, the metal is slowly oxidized, and a white crust id 
formed, at the points of contact between the leadj water, and 
air, which is a carbonate of the protoxide of lead. Hence, as 
the salts of this metal are poisonous, leaden vessels open to the 
air, should never be employed to contain water for culinary 
purposes. 

rrhe sulphuric and muriatic acids act slowly upon this me- 
tal. Concentrated sulphuric acid produces so little action on 
it, that tlie acid is made in chambers lined with lead. Nitric 
acid is llie proper solvent of this metal.N The solution, when 
evaporated, deposits whitish opaque crystals of nitrate of 

LEAD AND OXYGEN. 

f There are three oxides of lead, which are thus constituted : 

Lead. Oxygen. 

Protoxide, 104 + 8 «= 112 

Deutoxide, 104 + 12 = 116 
Peroxide, 104 + 16 = 120 } 

Protoxide, of Lead.— ^his oxide is procured in purity, 
when a solution of the metal in nitric acid is precipitated by 
potash, and the precipitate dried. It is of a yellow color ; is 
msoluble in water, and fuses at a red heat. The same oxide 
is formed by heating lead in the open air, and is known in 
commerce by the name of massicot} [When massicot is par- 
tially fused, in contact with the air, it becomes of a reddish 
color, and is known by the name of litharge. ^ This appears 
to be a mixture of the protoxide and deutoxide of lead. / Li- 
tharge is mixed with oil used in painting, in order to malte ix 
dry more rapidly. \ It is probable that this effect is produced 
by the oxygen, wmch the litharge imparts to the oil. 

The well known pigment called white lead, is a carbonate 
of the protoxide. /This substance is prepared by placing rollfe 
of thin sheet leaa in pots containing vinegar. \ The vinegar 

What is said of the oxidation of lead when kept under water 1 Under what circum- 
stances does water becdme poisonous, when kept in leaden vesEelsl Wliat is said of the 
action of diflerrnl acids on lead? How many oxides of lead arc there, and what is the 
composition of each 1 What is massicot 1 How is litharge prepared ? What is the use 
of Uthaiige 1 
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imparts its oxygen to the metal gradually, and probably pre- 
pares it for the absorption of carbonic acid from the atmos- 
phere. Or possibly the lead may be dissolved by the acetic 
acid, and this acetate in its forming state decomposed ly the 
carbonic acid of the atmosphere, in the same manner that the 
chloride of lime is decomposed, and changed into a carbonate 
by exposure to the air. White lead was formerly considered 
a peculiar oxide, but analysis shows, that/it is a compound of 
the yellow oxide, and carbonic acid, j 

Deuloxide of Lead, — frhis is the red lead of commerce, ana 
is extensively used as a pigment, and in the manufactute of 
flint glass. (It is formed by heating litharge in a furnace so 
constructed *^that a current of air constantly passes over its 
surface.^ In this manner, the litharge, which is chiefly a prot- 
oxide, is converted into a deutoxide, by absorbing another 
proportion of oxygen from the air. 

When red lead is heated to redness, it gives ofl'pure oxy- 
gen, and is reconveited into the deutoxide. 

Peroxide of Lead.'-^^his is formed by the action of nitric 
acid on red lead.^^ The red lead, or cleutoxide, is decom- 
posed by the acid, and resolved in the protoxide which it dis- 
solves, and converts into the peroxide, which being insoluble, 
falls down in the form of a puce colored powder. (This ox- 
ide is insoluble in any of the acids* j When heatedfit gives 
off* large quantities of oxygen gas, and is resolved into the 
protoxide. 

Sulphuret of Lead. — This compound occurs very abun- 
dantly as a natural product, and may be formed by fusing a 
mixture or lead and sulphur. 

The lead of commerce, as above stated, is obtained exclu- 
sively fiom this ore, which is generally known under the 
name of galenfi. The metallic lead is easily obtained from 
the sulphtiiet, . The ore being placed in the furnace, is gradu- 
ally heated with small wood or faggots, to drive off* the sul- 
phur. Afterwards, charcoal and lime are thrown in, and 
the heat is increased. '. As some portions of the lead become 
oxidated by exposure to the air and heat, the charcoal redu- 
ces these portions by the absorption of their oxygen, and at 
the same time increases the heat. The lime combines with 



What is the composition of white lead 1 How is white lead prepared 7 What is the 
deatoxide of lead % How is red lead prepared, and what is its use ? What proportion of 
oxygen does the deutoxide contain ? How is the peroxide of lead formed 1 What are the 
properties of the peroxide of lead % How is lead reduced from the sulphvret 1 
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the sulphuric acid, which is fortned hy the union of the sul- 
phur of the metal, the oxygen of the air, and the water of the 
wood, and forms a sulphate of lime. \ Meantime, the metallic 
lead, thus reduced, runs down into tne lower part of the fur- 
nace^ where it is drawn off into proper vessels. 

(All the salts of tead act as poisons,Nwith the exception 
oAthe sulphate, which Orfila has proved is not deleterious. 
The same author has shown that the acetate, or f sugar of 
lead, is decomposed in the stomach by sulphate of magnesia,^ 
or Epsom salt, and that the inert sulphate is thus formed. 
Hence,(Epsom salt, or Glauber's salt\ which is a sulphate of 
soda, becomes an antidote to the poisonous effects of sugar of 
lead when taken soon after it . 

SALTS. 

(The compound resulting from the union of any acid with 
aii alkali, an earth, or a metallic oxide, in definite propor- 
tions, is called a salt.' ^ 

f The substance which combines with the acid to form the 
salt, is called the base.\ Thus, lime is the base of carbonate 
of lime, f Any substance capable of combining with an acid 
to form a salt, is called a salifiable ba'Se\ The salifiable 
bases, therefore, are the alkalies, the earths, and metallic 
oxides. 

^Any compound, which is capable of uniting in definite pro- 
portions with a salifiable base, or which in solution is sour 
to the taste, or reddens vegetable blues, is an acid. « 

From this definition, it will be observed that',acids are not 
necessarily sour to the taste. This, in many instances, arises 
from their insolubility, for an insoluble acid neither tastes 
sour, nor changes the color of vegetable blues. Other acids, 
which, though soluble, do not taste sour, and have little, if 
any action on colors, still have the property of neutralizing 
alkalies, and combining with salifiable bases in definite pro- 
portions ; such is the prussic acid. 

It was formerly supposed that all the acids contained oxy- 



What are the uses of charcoal and lime in the reduction of lead 1 What compound of 
lead is said to be poisonous 1 What antidote is mentioned to the poifionoua effects of sugar 
of lead ? How does Epsom salt act to neutrallize the poisonous effects of the salts of 
leadl What 19 a salt 1 What is the base of a salt ? What is a salifiable base 7 What 
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gen, as the acidifying principle, but we have already bad 
occasion to remark, thalf there are several known exceptions 
to this truth. J Since the^iscovery of the compound nature 
of the alkali^, and the simple nature of chlorine, it is found 
that some compounds, in which oxygen exists as an element, 
are alkalies, and that others, containing -no oxygen, are acida 
Thus/the metal potassium, combined with oxygen, forms the 
alkali pota8sa,\and( chlorine, united to hydrogen, forms mu- 
riatic acid.\ ^ 

The alkalies are supposed to possess characters exactly 
opposite to those of the acids. Their tastes are pungent ; 
they neutralize the acids, and change vegetable blue colors 
to green. There are, however, many compounds, capable of 
forming salts, and of neutralizing acids, which do not possess 
the latter characters. Thus magnesia, though a powerful 
neutralizing substance, excites no taste, and produces little 
change on vegetable colors. [This want of action obviously 
depends on its insolubility in water)y 

Thus, a salifiable^ase does not rtecessarily contain sensi- 
ble alkaline properties, but is any substance which forms a 
definite compound with acids, or which being soluble, has 
the alkaline taste, and changes vegetable blues to green, f All 
the metallic oxides are salifiable bases. ] 

In speaking of the solution of a metal in an acid, it must 
always be understood, that it is the oxide of the metal which 
is soluble, for no metal combines with an acid in its metallic 
state. TThe action of the acid is first to oxidate the metal ; 
which it does, either by imparting to it a portion of its own 
oxygen, or hy assisting it to obtain this principle from the 
water witb which the acid is mixed.) When copper dissolves 
in nitric acid, the metal is first ox'idated at the expense of 
one proportion of the oxygen which the acid contains, and 
hence the fumes of nitrous gas which escape. But when 
zinc dissolves in dilute sulphuric acid,^the metal is oxidated 
by the decomposition of the water, and then dissolved by the 
acid, and hence the escape of hydrogen during this process.\ 



Do the alkalies contain oxygen 1 Give an instance where oxygen, combined with a 
metal forms an alkali. Give an instance in which chlorine and another simple substance^ 
vnited, form an acid. Why is magnesia tasteless 1 Are the metallic oxides salifiable 
oasBsl What change do the metals undergo before they are soluble in the acida 1 In 
what manner do the mebils become oxides before they are dlssolredl When sine la 
tbiowa into dilutsd aolphuric acid|, why does hydrogen escape 1 



f tt is said that at least 2000 salts are known^but this is a 
snail number when compared with those which might be 
formed ; for supposing^ each acid to be capable of forming a 
difllerent compound with each salifiable base, and each base 
a distinct compound with every known acid, the salts would 
be numberless. 

It may be supposed, from the variety of properties pos- 
sessed by the acids, that the salifiable bases, with which 
they are known to combine, that the resulting compounds 
must present a great variety of different qualities, colors, and 
shapes, and in this we are not disappointed. Some of the 
salts are corrosive poisons, others are perfectly inactive on 
the animal system ; some are used as medicines, others as 
paints, others in coloring, &c. 

It is obvious that in this epitome of the science, only a 
limited number of these compounds can be descril>ed. 
These we shall arrange in groups, or classes,'' each group 
consisting of the same acid, united i^ different salifiable 
basest " 

Most of the salts are capable of being crystallized, that is, 
of forming dry solid figures of determinate shapes. VDuring 
the act of crystallization, many of them combine chemically 
with a definite portion of water, which therefore is called the 
water of crystallization. ^ 

Some salts contain moi^ than half their weight of M^ter ; 
this is the case with sulphate of soda, or Glauber's salt, which 
consists of 72 parts of the dry sulphate, and 90 parts of 
water, 

( Other salts, cUd muriate of soda, or common salt, contain 
no water of crystallization.) But these salts sometimes con- 
tain particles of water included mechanically within their 
substance, and hence when heated they decrepitate, or fty in 
pieces, in consequence of the conversion of this water into 
steam. From this cause, common salt decrepitates violently 
when thrown on the fire.^ 

SWjIts containing a large quantity of the water of crystal- 
lization, when heated, undergo the aqueous fusion ; that is, 
they dissolve in the water they contain. ^Anhydrous salts, 
or such as are not chemically united with water, when heat 



What number of salts are said to be known 1 On what principle are the salts thrown 
into groups 1 What is the water of crystal! ization 'I Do all the salts contain water of 
crysiidliEation ? Why does eomraon salt decrepitate when heated 1 What is meant b/ 
aqueous fiMionI What is meant by igneous fusioal 
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ed, undergo the igneous flI8ioD.^ A salt is said to efiorescer 
when its water of crystallization evaporates, and it falls inta 
a dry powder. ' - 

Most of the salts are soluble in water ; and with a few ex- 
ceptions, the solvent power of this fluid is in proportion to its 
temperature. One of these exceptions is^common salt,\ whicb 
is equally soluble in cold and hot water. Some of the salts 
require 500 or 600 timej their own weight of water for so- 
lution. \This is the case with carbonate of lime, and sulphate 
of lime. ^ In a few instances, as in the sulphate of baryta^ 
the salts are entirely insoluble in water. On the contrary, 
Tsome of these compounds have such an affinity for water, as 
to enter into solution with that which they attract from the 
atmosphere. In these instances the salt is said to deliquesced 
Muriate of lime is an example. It cannot be kept in the solid 
. state, unless closely excluded from the atmosphere. 

(All the salts are composed of definite proportions of their 
ingredients, and th|^ ingredients are compounded of defi- 
nite proportions of"ementary bodies. \^Thns, sulphate of 
potash is composed of 40 j}arts of sulpfiuric acid, and 48 
parts of potash. The acid is composed of 16 parts, or 1 atom 
of sulphur, and 24 parts, or 3 atoms of oxygen. Potash is 
composed of 40 parts, ox 1 atom of potassium, and 8 parts, or 
1 atom of oxygen. 

Thus the salts are formed by the union of compound sub- 
stances, and their equivalent numbers are the sums of the 
atomic weights of these substances. Thus, the equivalent 
n.umber for the sulphate of potash is 88, being composed of 
the equivalents for sulphuric acid 40, and the equivalent for 
potash, 48. How these latter numbers are obtained has just 
been explained ; and indeed the whole of the above, so fe.r as 
regqstds definite proportions, is only a recapitulation of what 
has already been stated more in detail, in its proper place ; 
but is repeated here, because the doctrine of proportions m- 
plies especially to the composition of the class of compQ|ws 
which we are now about to describe. Jr^ 

Some salts combine with each other and form compounds, 
which were formerly known under the name of triple salt». 



When is a salt said to effloresce t What salt is equally soluble in cold and hot water 1 
What salts require a large portion of water for solution 1 When is a salt said to deli- 
quesce 1 What is said of the definite proportion of the ingredients and elements of the 
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/ But as, in these instances, only two bases combine with one 
ircid, or two acids with one base, this kind of union is more 
properly indicated by the term double than triple ; and this 
change being proposed by Berzelius, is now employed by 
recent writers. \ 

In describing the salts, we shall follow the method already 
observed in f espect to other compounds, and place the equiv- 
alent numbers at the head of each description. 

SULPHATES. 

/The sulphates, when heated to redness with charcoal, are 
decomposed and changed into sulphurets.\ \The oxygen, both 
of the oxide and the acid of which the salt is composed, 
unites with the carbon, forming carbonic acid, while the sul- 
phur and metal combine to form the new compound, the sul- 
phuret.) 

The sulphates in solution, are readily detected by muriate 
of baryta ; Tthe muriate beiiig decomg^ged by the sulphuric 
acid, an insoluble sulphate of baryta rPforiiied, which falls 
to the bottom of the vessel in the form of a 'white powder.) 

'^Several sulphates exist in nature, the most abundant of 
which are those of lime and baryta. The sulphate of lime 
is very abundant in some countries, and is employed as a 
manure, and in the arts, under the name of gypsum ot plaster 
of Paris, 

Sulphate of Pctassa — 88. 

1 p. S. Acid 40+1 p. Potassa 48. 

Vitriolated Tartar. 

fThis salt is prepared by decomposing the carbonate of pot- 
ash with sulphuric acid.\ Its crystals are in the form of six- v#* 
sided prisms terminating in six-sided pyramids. Its taste is 
saline and bitter. This salt suffers no change on exposure 
to the air. Its crystals contain no water of crystallization, 
and when thrown on the fire, decrepitate for the reason for- 
merly explained. These crystals are soluble in 16 times 
their weight of water at 60 degrees. 

The composition and equivalent number of this salt are 
seen above. 



What ifl meant by a double salt? How are the sulphates changed into sulphnrebi t 
In what manner does the charcoal and heat change sulphates to sulphurets? How do«f 
muriate of barytea show the presence of sulphuric acidi How is sulphate pf pocaih 
formed 1 What is the composition and equivalent number of this salt T 

2a* 
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SulpkaU of 8odar^72, 

\ 1 p. S. Acid 40+1 p. Soda 32.) 

{Giaubei^s Salt\ 

Sulphate of soda sometimes occurs as a native compound, 
an^may be readily formed by saturating common carbonate 
of soda by dilute sulphuric acidX That sold by apothecaries 
is chiefly prepared from the contents of the retort after the 
distillation of muriatic acid. 

This acid is obtained by distilling a mixture of common 
salt, and sulphuric acid. The latter acid, combining with 
the soda of the muriate, the muriatic acid is evolved and sul- 
phate of soda formed. This being purified, forms the Glau- 
ber's salt of commerce. 

Sulphate of soda crystallizes in four and six-sided prisms. 
These crystals when exposed to the air, part with their 
water of crystallization, or effloresce, leaving the salt in the 
state of a dry pow(|pr. By this process the salt loses about 
half its weight. 

According to the analysis of Berzelius,(this salt contsmis 
72 parts of the neutral sulphate, and 90 parts, or ten at<ffLs 
of water.\ 

The combining proportions, or equivalents, of the salts, 
refer only to the acids and bases which they contain, and 
not to their water of crystallization. \li is found, however, 
that the water of crystallization is always combined in definite 
proportions, as well as the other ingredients^ The combining 
number for water, as already explained, is &, and in the pre- 
sent instance the doctrine of multiple proportions by a whole 
number is found to be precisely true, there being 10 atoms, or 
proportions^ of water in this salt. 

Sulphate of Baryta — 118. 

( 1 p. S. Acid 40-f 1 p. JBaryta 78N 

^Heavy Spar.\ 

The native sulphate of baryta is widely disseminated, 
though not often found in very large quantities at any one lo- 



What is the composition of sulphate of soda 1 What is the common name of this salt Y 
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calit]^ It occurs both massive and in anhydrous crystals, 
which are generally flattened, or tabular. This substance ' 
is known under the name of heavy spar, having a specific, 
gravity of nearly 4|-, being the most ponderous of earthy mi- 
nerals. 

It is formed artificially by mixing the earth baryta with 
sulphuric acid. 

It is the most insbolule of all the salts, and bears a strong 
heat without sufiering any change. 

This substance is sometimes employed to form the solar 
phosphori, a compound which shines in the dark, after hav- 
ing been exposed to the light of the sun. 

g[t is prepared by first igniting the native sulphate, after 
ich'it is powdered and sifted. It is then mixed with mu- 
cilage of gum arabic and formed into cylinders about the 
fourth of an inch in thickness. These being dried in the sun, 
are exposed to the heat of a wind furnace supplied with char- 
coal, for about one hour, and the fir^sufiered to burn out\ 
The cylinders will be found among t^ ashes retaining their 
original shapes, and must be preserved in a well stopped 
vial. 

(When this substance is exposed for a while to the sun, and 
then carried into the dark, it will emit so much light as to 
show the hour by a watch dial.^ 

Sulphate of Lime — 68. 

[ 1 p. S. Acid 40+ 1 p. Lime 28>. 

Gypsum. Plaster of Paris, ^\ 

This salt occurs abundantly as a natural production. It is 
composed o^ 68 parts of the pure sulphate, and(^l 8 parts or 
two proportions of water!!) This salt is found crystallized in 
broad foliated plates, and also in compact masses. \It is 
ground, and spread on certain kinds of land as a manure) 
In this state it is called ground plaster. The compact vari- 
ety is called alabaster, and is cut, or turned into various or- 
namental articles, such as candlesticks, vases, and boxes. 
Some of these specimens are perfectly white, and being 



How is solar phosphori prepared from sulphate of baryta 1 What curious property has 
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translucent, are among tke most beautiful productions of the 
mineral kingdom. Other varieties of this mineral are co- 
lored with metallic oxides, and present the appearance of 
clouds, stripes, or spots of red, blue, or brown, interspersed, 
or alternating with each other. 

Sulphate of lime is largely employed in forming the oma* 
mental, or stucco work, for churches and houses. For this 
purposefit is first heated nearly to redness, or as the workmen 
term it, boiled, in order to expel the water of crystallization, 
and then ground in a mill. In this state it is a fine white 
powder, which being mixed with water and cast into moulds 
of various figures,\ forms the ornamental work seen on the 
walls of churches 4nd rooms. 

After being mixed with the water, it must be immediately 
poured into the mould, for however thin the paste may be, it 
grows hard, or as the workmen call it, sets, in a few minutes, 
and no addition of water will again make it as thin as before. 
,.This is owing to the ^emical combination which takes place 
between the anhydrous sulphate and the water, and by which 
the latter is made solid. 

Sulphate of lime is soluble in about 500 parts of cold wa- 
ter, and as it exists abundantly in the earth, it is more fre- 
quently found dissolved in the water of wells and springy, 
than perhaps any other salt. When it exists in considerable 
quantity,! it gives that quality to the water cMed hardjuss.^ 
Such watbr decomposes soap, by neutralizing its alkali, and 
therefore is not fit for washing. 

Sulphate of Magnesia — 60. 
. 7 p. S. Acid 40+ 1 p. Magnesia 20) 
Epsom Salt. ^ 

' Epsom salt is sometimes obtained by evaporating the wa 
ter of springs which contain it in solution, and sometimes it 
is made artificially, by first dissolving magnesian limestone 
in vinegar, which takes up the lime and leaves the magnesia. 
The magnesia is then purified by calcination.'and afterwards 
dissolved in dilute sulphuric acid, and crystallized by evapo- 
ration.\ 

What chemical change is produced when the anhydrous sulphate is mixed with water .1 
What is meant by anhydrous ? What effect does sulphate of lime hare on the water of 
wells 1 What is the composition of sulphate of magnesia ? What is the common nami 
of sulphate of magnesia ? What is the use of this salt ? How is sulphate of roagneaia 
prepured 1 What is the common name of sulphaia of alumina and potaahl Whatia tli» 
compoaitiaD of alum 1 
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This salt appears in ininuh^l|||^angnlar shining crystals. 
These suffer little change \\'lmifSc posed to the air, undergo 
the watery fusion when hjMfc and are soluble in three 
fourths of their own weighiT^ooiling water. /"Its use, as a 
medicine, is well known. A 

Sulphate of magnesia is composed of 60 parts of the dry 
sulphate, and 63 parts„ or 7 atoms of water. 

Sulphate of Alumina and Potassa — 262. 

•' 3 p. Sulph. Alumina 174+1 p. Sulph. Potassa 88.\ 

lAlum^ 

Alum is a substance so well known, that its external ap- 
pearance requires no description. Its taste is at once astrin- 
gent and sweetish. It is soluble in about its own weight of 
boiling water. It crystallizes in octohedrons, or eighl-sided 
figures, and, by peculiar management, these crystals may be 
obtained of great size and beauty. It is a double salt. 

Sometimes alum is found ready formed in earth or friable 
rocks, and 'is extracted by collecting such earth into proper 
vessels, and pouring on water, which, passing through, dis- 
solves, the salt and holds it in solution. The water being then 
evaporated, the alum shoots into crystals.. 

When the mineral, which furnishes this salt, is aluminous 
clay, mixed with sulphur and iron, which is more often the 
case, another method is taken. The mineral being exposed 
to heat, or merely to the action of the air, the sulphur attracts 
oxygen, and is converted into sulphuric acid, which then com- 
bines with the alumina and forms a sulphate. If no potash 
be present in the earth, this is added, and the whole is treated 
by lixiviation, (that is, pouring on water until the salt is dis- 
solved,) and #he liquid afterwards evaporated to obtain the 
alum. 

Alum is used in medicine and in the arts."" Its composition 
is stated at the head of this section. Alum is the base of a 
curious composition, called Homberg's pyrophorus, which 
ignites, on exposure to the air. It is prepared in the follow- 
ing manner : 

Reduce an ounce or two of alum to powder, and mix it 
with an equal weight of brown sugar. Put the mixture into 
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an earthen dish, or ladl^ ana keep it stirring over the jfire 
until all the moisture is expelled. Then, having pulverized 
it finely, introduce the powdexlnto a common vial, coated with 
a mixture of clay and sand, ^o the mouth of the vial, lute a 
small glass tuhe, or the stem of a tobacco pipe, in order to 
allow the moisture and gases to escape. The vial, thus pre- 
pared, is set in a crucible, surrounded with sand, and the 
whole placed in a coal fire, and gradually heated to redness. 
At first, steam will issue from the tube, but afterwards a gas, 
which, being set on fire, burns with a blue flame. - 

After the flame goes out, keep up the heat for about fifteen 
minutes, and then remove the crucible from the fire, and im- 
mediate stop the orifice of the tube with a piece of wet clay. 
When the vial is cool, pour its contents hastily into other 
vials, which are perfectly dry, and then cork them so as en- 
tirely to exclude the air. 

This compound resembles powdered charcoal in appear- 
ance ;^but if a few grains be poured out, and exposed to the 
air, it soon glows with a red heat, and will set paper or wood 
on fire. If poured from the vial, at the distance of a few feet 
from the ground, it forms a shower of fire. When intro- 
duced into oxygen gas, it spontaneously explodes, giving out 
intense heat and light, and affording a very brilliant experi- 
ment. 

Small vials of this pyrojhorus may be preserved for years, 
and may be made highly convenient, especially for itinerant 
smoKers, and to those who are travelling through a wilder- 
ness. . 

The ignition of this substance is caused by its strong at- 
traction for the oxygen of the atmosphere. 

Sulphate of Iron — 76. • 

1 p. Sulph. Acid 40+1 p.. Oxide Iron 36;. 

' Copperas. Green Vitriol. 

This well known salt is the sulphate of the protoxide of iron, 

and may readily be formed by the action of dilute sulphuric 

acid on metallic iron. The green vitriol of commerce is, 

however, manufactured directly from the sulphuret of iron, 

which nature furnishes in abundance. For this purpose, the 

ore, being raised from the earth, is exposed to the air, and 

For what useful purpose may this pyrophorus be employed 7 What Is the compoai- 
lion of sulphate of ironl What is the common name of sulphate of ironi How i* 
;fn9n vitriol manufactured on a laii^e scale 7 
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occasionally sprinkled with water. By a natural process, the 
sulphur absorbs oxygen from the atmosphere, and is converted 
into sulphuric acid, which is retained by the water. The acid 
mus formed, combines with the iron, forming a sulphate of 
the metal, which appears, on the decomposition of the ore, in 
a greenish crust. The mass is then lixiviated, or washed by 
pouring water through it, by which the salt is dissolved, and 
afterwards obtained in crystals by evaporating the water.\ 

Sulphate of iron is of a greenish color ; has an astrmgent 
metallic taste, and is soluble in three fourths of its weight of 
-boiling water. According to the analysis of Berzelius, it con- 
tains 76 parts, or 1 equivalent of the sulphate, and 63 parts, 
or 7 atoms of water. ^ 

^Large quantities of this salt are employed in the arts, chief- 
ly for coloring black, and making ink. \ 

Sulphate of Zinc — 82. 

1 p. S. Acid 40-f 1 p. Ox. Zinc 42. 

White Vitriol 

When diluted sulphuric acid is poured on zinc, for the pur- 
pose of obtaining hydrogen, the residue, if allowed to stand, 
forms small white crystals. This is the sulphate of zinc. 
For the purposes of commerce it is made by roasting the na- 
tive sulphuret of this metal, arid then throwing it into water. 
The sulphate is formed by the decomposition of the sulphu- 
ret, on the same principle as above described for the manu- 
fecture of green vitriol, and being dissolved by the water, is 
obtained by evaporation. 

Sulphate of zinc has a strongly styptic taste, is soluble in 
about two and a half parts of cold water, and reddens vegeta- 
ble blue colors, though strictly a neutral salt. 

This salt consists of 82 parts of the sulphate, and ij atoms, 
or 63 parts of water.^ 

It is employed in medicine, as a tonic and emetic.) 

NITRATES. 

The nitrates, when thrown on burning charcoal, deflagrate, 
or produce a vivid combustion of the charcoal. This is in 
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iconseqnence of the oxygen gas which they yield when beat* 
ted, which unites with the combustible as it is expelled) 

All the nitrates, without exception, are decomposed at higo. 
temperatures, or by heat alone. /Some of them, as the nitrat<! 
of potash, or nitre, yield oxygen gas in a state of considera- 
ble purity when heated, and hence are employed for the pur- 
pose of obtaining oxygen.\ 

^ As all the nitrates deflagrate when thrown on burning char- 
coal, this simple test is sufficient to distinguish them from 
other salts, "i Another test of these salts, is their power of dis- 
solving golcl leaf, when mixed with muriatic acid. 

The only native nitrates are those (of potash, lime, soda 
and m£^esia.\ 

Nitrate of Potash — 102. 
1 p. N. Acid 54+1 p. Potash 48. 
[Saltpetre. Nitre) 

This salt may be prepared by saturating the common car- 
bonate of potash with diluted nitric acid, and evaporating the 
solution until crystals are formed. 

• That used in commerce, and for the manufacture of gun- 
powder, is prepared by throwing into heaps, under cover, the 
remains of decayed vegetable and animal matter, found about 
old buildings. Heaps of such earth, when exposed to the air 
under sheds, gradually generate nitric acid, in consequence 
of the combination of the nitrogen, which is always contained 
in animal remains, with the oxygen of the atmosphere. The 
earth from such situations also contains lime, magnesia, and 
commonly, considerable proportions of potash, from the ashes 
of burned wood. Thus there appears to be formed in these 
nitre beds, the nitrates of lime, potash, and magnesia. After 
the earth has remained in this situation for several months, 
being now and then sprinkled with water, is lixiviated, and 
to the solution of these salts there is added a quantity of pot- 
ash, which decompose the nitrates of lime and magnesia, t^^us 
leaving the nitrate of potash in solution. The nitre is then 
crystallized by evaporating the water, and afterwards further 
purified for use. 
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Ih the East IndiesN this salt is formed spontaneously in the 

lil, and is found in small crystals on its surface. It is there- 
fore obtained with great facility, nothing more being neces- 
sary than to lixiviate the earth and purify the nitre. 

Nitrate of potassa is a colorless salt, of a cool saline taste, 
which cry.stallizes in six-sided prisms. It contains no water 
of crystallization, but its crystals always contain more or less 
water mechanically retained in them. When heated, it un- 
dergoes the igneous fusion, and at a red heat is decomposed, 
{ first giving out oxygen, and afterwards both oxygen and ni- 
trogen, and if the heat be continued, there will remain only 
pure potassa.'^ 

( In chemistry, this salt is employed in the many||cture of 
nitric and sulphuric acids, and for the purpose of obtaining 
oxygen gas. In the arts, it is chiefly used in the manufac- 
ture of gunpowder and fire-works.\ 

v Gunpowder is composed by weight, of six parts nitre, one 
part sulphur, and one of charcoal. These ingredients being 
first finely powdered separately, are then mixed into the form 
of a paste, with water, and beaten together with a wooden 
pestle, until they become very intimately incorporated. This 
paste is then granulated, by passing it through sieves, and 
carefully dried in the sun. 

: Fulminating powder is made by mixing in a mortar three 
parts of nitre finely powdered, two parts of carbonate of pot- 
ash, and one part of sulphur. The whole being thoroughly 
mixed by grinding, forms the powder in question.* 

. When a quantity of this mfxture is placed on a shovel, and 
heated gradually, until the sulphur begins to inflame, it ex- 
plodes, giving a loud and stunning report, and leaving the 
ears hardly in a state to hear any thing more for hours, or if 
the quantity be considerable, even for days. Not more than 
15 or 20 grains of this powder should be exploded at once, 
unless in the open air. 

^itrate of Ammonia. — The mode of preparing this salt, 
was described under the article nitrous oxide. This salt is 
composed of one proportion of nitric acid 54, and one propor- 
tion of ammonia 17s=7l. It also contains one proportion of 
water==9. 
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Nitrate of Silver — 164. ^ 

^1 p. Nitric Acid 54+1 p. Silver lia) 
[LuTiar Caustic.) 

When silver is thrown into nitric acid, the metal is dis- 
solved, with a copious disengagement of red fumes, whic2i 
consist of the! deutoxide of nitrogen,\formerly described. 

The solution, if allowed to evaporate, will form large regu- 
lar crystals in the shape cif flat rhombs. These, if the metal 
is unalloyed, are pure nitrate of silver. They contain no wa- 
ter of crystallization. They undergo the igneous fusion at a 
very moderate heat, and in this state, being cast into small 
cylindri^l moulds, form the substance so well known, and 
so universally employed in surgery, and for other purposes, 
under the name of lunar cauttic. 

A solution of this salt in water, being applied to animal or 
vegetable substances, stains them, after exposure to light, of 
a permanent black color. ' The skin or hair may be made 
black in this manner) and there is no doubt but persons have 
colored their faces and hands with this substance, as prepa- 
ratory to the commission of the worst of crimes. No washing, 
or any other means, will whiten the skin, once stained with 
this solution, until the scarf-skin itself wears off, or is removed, 
which requires several weeks. The solution itself is perfectly 
transparent, and in appearance cannot be distinguished from 
pure water. 

Indelible Ivk is a solution of nitrate of silver in water^'j and 
is well known as the only substance in use, with whicK cot- 
ton and linen may be marked in a permanent manner. 

Nitrate of silver, in solution, is decomposed by a variety 
of substances, having a stronger attraction for oxygen than 
the silver has. By the action of such substances,* the silver 
is revived, and appears in its metallic form. Thus, a stick of 
phosphorus placed in this solution, is soon covered with me- 
tallic silver ; and if the solution be heated to the temperature 
of boiling water, with a little charcoal in it, the metal will be 
reduced, and may he obtained in the form of crystals. 

The composition of the nitrate of silver is seen at the head 
of this section. 

When silver is thrown into nitric acid, what gas escapes ? What is the compasitioii 
of nitrate of silver) What is the i»mxnon name of nitrate of silver? What is lunar 
Cftusticl What effect does a solution of nitrate of silver have on the skii:, or hair 1 
What ia indelible inki What subatanoea ate mentioned, which decompose nitrate of 
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There are many other nitrates, hut none of them are of 
sufficient use, or interest, to re([uire a description in thift 
book. 

CHLORATES. 

The chlorates resemble the nitrates in many of their, cha- 
racters. These salts were formerly called^ymt^ri'a/^XB/Iost 
of them are decomposed at a red beat, with the evonion of 
pure oxygen gas, and are converted into metallic chlorides."") 

The pupil may find .Some difficulty in pointing out the dis- 
tinction between the crnQtates and chlorides. The chlorates 
are composed pf chlorine united to oxygen, forming chloric 
acid, which acid, being combined with the metallic oxides, 
forms chlorates. -The chlorides are composed of uncotubined 
chlorine, either united to the metals themselves,^ or their 
oxides, rrhus, chloride of lime is composed of lime^or oxide 
of calcium, and chlorine. But chloride of calcium is compo- 
sed of the two simple bodies, chlorine and the metal calcium, 
consequently contains no oxygen.'j 

When the chlorates are decomposed by heat, as above 
stated, and converted into chlorides, ^the change is produced 
by the expulsion of the oxygen which the compound contain- 
ed, and the subsequent union between the chlorine and the 
base of the alkali, or the metal itself Thus, when chlorate 
of potassa is heated, its oxygen escapes, while the chlorine 
remains, and combines with the base of the alkali, forming 
chloride of potassium. . 

/In producing the chlorates, it is not necessary that the 
chloric acid should first be formed, and then combined with 
the salifiable base, since the same result is produced by mere- 
ly passing the chlorine through a solution of the alkali. ■ This 
will be explained under the chlorate of potassa. 

The chlorates are all of them artificial compounds, none 
of them having been discovered in the native state, i Most 
of them yield their oxygen to combustibles with such facility 
as to produce explosion. ^ Thus, when chlorate of potash is 
ruboed in a mortar with phosphorus, or struck in contact 
with sulphur, violent detonations are produced. 
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Chlorate of Potash — 124. 

1 p. Chloric Acid 76+1 p. Potash 48/ 

Oxymuriate of Potash. 

The chlorate of potash is formed hy passing chlorine gas 
through^! solution of the pure caustic alkali in water. 

The j^re potash is readily prepared in the following man- 
ner. . Make a solution of the carbonate of potash in its own 
weight of hot water, in an iron vess^, and add to this as 
much quicklime by weight as there was potash, and let the 
mixture boil for about ten minutes. Then strain the solution 
through a linen cloth, and it will be fit for use.^ 

The lime absorbs the carbonic acid from the^'potash, form- 
ing with it an insoluble compound, thus leaving the alkali in 
its pure, or caustic state. 

The caustic potash being placed in a proper vessel, the 
chlorine is passed into it as long as any of the gas is ab- 
sorbed. 

The apparatus for this purpose is represented at Fig. 64. 
Fig. 64. The solution is contained 

•in the three necked bottle. 
The chlorine may be evol- 
ved by first introducing into 
the retort two ounces of 
finely powdered black oxide 
of manganese, and after eve- 
ry thing is arranged, as in 
the figure, pouring on thiss through the safety lube, four 
ounces of muriatic acid, and then applying a gentle heat 
When the solution is saturated, the gas will pass oflf by the 
bent tube into the open air. 

' To obtain the salt, the solution is evaporated with a gentle 
heat, and on cooling, small shining crystals of chlorate of 
potash will be deposited. The first product only must he 
reserved for use, as the solution will afterwards form c^a- 
tals of muriate instead of chlorate of potash, 
y In the production of this salt, by the above process, the 
chloric acid is formed by the decomposition of the water, 
the oxygen of which unites with one portion of 4he chlorine 
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to form the acid, while the hydrogen thus disengaged, unites 
with another portion of the chlorine, forming muriatic acid.^ 
Hence the solution, as above intimated, contains both muriate 
and chlorate of potash. 

When chlorate of potash is heated, it gives off oxygen gas 
nearly pure, and chloride of potassium remains. 

vlf two grains of this salt are mixed with one grain of 
sulphur, and the mixture i« struck, or pressed suddenly, a 
loud detonation is produced. When struck in contact with 
powdered charcoal, a similar effect results. If a grain of 
the chlorate and half a grain of phosphorus be rubbed to- 
gether in a mortar, very violent detonations will be the effect 
In making this experiment, the hand should be covered with 
a glove, and the face protected by a mask, or averted, as the 
inflamed phosphorus is sometimes projected several feet by 
the explosion. 

If a little of this salt be mixed with twice its weight of 
white sugar, and on the mixture a few drops of strong sul- 
phuric acid be poured, a sudden and vehement inflammation 
will be produced. . 

These phenomena are owing to the facility with which the 
chlorate of potash parts with its oxygen to combustible sub- * 
stances. 

This salt forms the base of th3 red French matches, by 
which a light is instantly obtained. The chlorate being 
flnely pulverized by itself, is then mixed with twice its 
weight of while sugar, moistened so as to prevent explosion, 
and afterwards made into a paste with mucilage of gum ara- 
bic. A little of this paste is fixed on the ends of brimstone 
matchies, so that when it is inflamed, flrst the sulphur and 
then the wood is set on fire.N These matches require only to 
be touched with a drop of sulphuric acid, when they instant- 
ly burst into flame. The acid, for convenience, is contained 
in a small vial, and is prevented from escaping by some fibres 
of asbestos. 

Attempts are said to have be«i made in France, on a large 
scale, to substitute the chlorate of potash for nitre in the 
manufacture of gunpowder. But it was found that the 
workmen could not mix the ingredients, under any circum- 
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Stances without the greatest danger, and that in many in- 
stances explosions took place after thej)owder was prepared ; 
the attempt was therefore abandoned. T Attempts have also 
been made to use mixtures of this salt for percussion priming, 
but it was found that the chlorine acted so readily on the 
iron, as soon to injure the gun, and it was therefore laid 
aside, for the fulminating mercury, which is now generally- 
used for this purpose. 

PHOSPHATES. 

The phosphates of the metals are converted into phospu- 
rets bv heat and charcoal. Some of the alkaline and earthy 
phosphurets undergo a partial decomposition by the same 
means, while others are not changed. A number of phos- 

{>hates are found in the native state, such as those of iron* 
ime, copper and lead. 

Phosphate of Soda — 60. 
I p. Acid 28+1 p. Soda 32. . 

This salt is prepared on a large scale in chemical manu- 
factoriesj by neutralizing with carbonate of soda, the super- 
phosphate of lime, procured by the action of sulphuric acid 
on burned bones. The phosphate of lime which the solution 
contains, is separated by filtration, and the liquid containing 
the phosphate of soda is then evaporated until crystals of the 
salt are deposited. 

The phosphate of soda is composed of one proportion of 
the acid 28 ; one proportion of soda 32 ; and twelve propor- 
tions of water 108. It is employed in medicine, and in chem- 
istry as a re-agent. 

BORATES. 

The borates are few in number, and being most of them 
of no use, are little known. They are distinguished by 
imparting a green color to the flame of alcohol, when 
dissolved in it. Any borate, being first digested in sul- 
phuric acid, then evaporated to dryness, and the residue 
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boiled ia alcohol produces this effect. Hence, this is the tesl 
for these salts. 

Biborate of Soda — 80. 

2 p. B. Acid 48+1 p. Soda 32. 

Borax. 

This is the only borate of any consequence, either in che- 
mistry, or the arts. It occurs native in certain lakes in Persia 
and Thibet, which are said to be supplied by springs. The 
edges and shallow parts of these lakes are covered with a 
crust of borax, which being removed, another deposition is 
formed. It is imported into Europe and America in its rough 
or impure state, under the name of Tincal, and which being 
purified, forms the refined borax of commerce. 

This salt is capable of being crystallized, in six sided 
prisms, though more commonly seen in amorphous pieces. 

It is soluble in six times its weight of boiling water. When 
exposed to heat, it enters into the watery fusion, and at the 
same time, swells to several times its former bulk. ■ When the 
water of crystallization is expelled, it passes silently into the 
igneous fusion, and forms a vitreous transparent globule, 
called glass of borax.\ Borax is used as a flux, by braziers, 
and. mineralogists, and is employed in medicine, in cases of 
sore mouth. 

Besides the constituents of this salt placed at the head of 
this section/ borax contains 8 atoms, or 72 parts of water of 
crystallization. 

FLUATES. 

The nature of the fluates, owing to the uncertainty which 
exists concerning the base of the fluoric acid, are little known. 
These salts may, however, be readily identified by first redu- 
cing them to powder, and pouring on sulphuric acid, when, 
v^ath the aid of a gentle heat, fluoric acid will be disengaged, 
and may be recognized by its property of corroding glass. 

Several fluates are found in the native state, and it is from 
these only, or rather from one of them, the 'fluate of lime, 
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that the fluoric acid is obtained. The topaz is a componnd 
of fluoric acid, alumine, and silex. Its chemical name is 
Auosilicate of alumina. 

{Fluate of Lime— ZS. 
1 p. V. Acid 10+1 p. Lime 28. . 
Derbyshire Spar, 

This salt is found in its native state, in many parts of the 
world. It is often seen as an article of luxury, cut into the 
form of vases, candlesticks, or boxes, under the name of 
Derbyshire spar. Its colors are purple, green, red, blue, 
and white, often mixed in the same specimen, and forming 
one of the most beautiful of mineral substances. This sub- 
stance crystallizes in a great variety of forms, the cube being 
the most common. 

Some varieties of this salt phosphoresce, when thrown upon 
hot iron, emitting light of various colors, as green, red, blue, 
&c. 

.When fluate of lime is exposed to the united action of sul- 
phuric acid and heat, it is decomposed, the fluoric acid beinff 
liberated in the form of gas, while a sulphate of lime is formed. 
By this method the fluoric acid is obtained, 

CARBONATE& 

Some of the carbonates exist in great abundance in the 
native state. The carbonate of lime forms entire mountains. 
These sahs may generally be distinguished from all others by 
their effervescence, when exposed to the action of the stronger 
acids. This is owing to the escape of carbonic acid during 
the decomposition of the salt. Thus, fwhen sulphuric acid is 
poured on carbonate of lime, the lime and acid combine, while 
the carbonic acid, being thus liberated, escapes through the 
solution, and occasions the effervescence. 

The carbonates, with the exception of those of potash, soda, 
and ammonia, are very sparingly soluble in water. The 
carbonate of lime is entirely insoluble in pure water, but is 
slightly soluble in water containing carbonic acid. 
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Many carbonates of the metals as well as of the earths are 
found native. The carbonates of lime, of soda, barytes, stron- 
tian, magnesia, manganese, of iron, copper, and lead, are all 
native salts. 

Carbonate of Potash — 70. 

1 p. C. Acid 22+1 p. Potash 48. 

Potash. Pearlash. 

The well known substance pearlash, is the potash of com- 
merce deprived of its impurities, and saturated with carbonic 
acid. The potash of commerce is obtained by lixiviating the 
ashes of land plants, or common wood, and evaporating the 
solution to dryness. In this state it is of a dark reddish co- 
lor, and when recently prepared, is exceedingly caustic to 
the taste and touch. By age its caustic property is gradually 
lost, in consequence of the absorption of carbonic acid from 
the atmosphere. Potash is chiefly employed in making soft 
soap and glass. 

The bicarbonate of potash is prepared by trans^nittinga 
current of carbonic acid gas through a solution of the carbo 
nate. This salt contains 44 parts of carbonic acid and 48 
parts of potash, making its equivalent 92. It also contains9 
parts or one proportion of water of crystallization. This is 
far milder, both to the touch and taste, than the carbonate. At 
a red heat it parts with one proportion. of its acid, and is re- 
duced to a carbonate. 

This salt is in common use undei the name salaratis. It 
is employed for culinary purposes ; in many of the arts, and 
in medicine. 

The bicarbonate of potash maybe obtained in regular pris- 
matic crystals by evaporating its solution gradually. 

Carbonate of Soda — 54. 

1 p. C. Acid 22+1 p. Soda 32. 

Soda. 

The carbonate of soda is prepared byburnmg plants which 
grow in the sea, and lixiviating their ashes. The impure 
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soda of commerce is known under the name of harUlcL, and 
is obtained by burning certain sea plants expressly for the 
purpose. An inferior kind is called kelp^ aad is prepared 
with less care and from different plants. 

The carbonate of soda of commerce is prepared by dissol- 
ving barilla in water, filtering the solution, and then evapo- 
rating the water. If the evaporation is conducted slowly the 
salt shoots into regular crystals. By continued geutle heat 
these crystals part with their water, and are rendered anhy- 
drous without loss of carbonic acid. This salt dissolves in 
about its own weight of hot water. 

Carbonate of soda is con i posed of one proportion of the 
acid 22 ; one proportion of soda 32, and 10 propoitions or 90 
parts of water. 

Hard soap is prepared entirely from sodo.. (Bicarbonate oj 
soda is made by transmitting carbonic acid through a solu- 
tion of the carbonate in water.) It may also be prepared by 
placing vessels containing the carbonate in the vats of a dis- 
tillery or brewery, where the process of fermentation is car- 
ried on. By either process the carbonate is made to absorb an 
additional proportion of the acid, ani! is thus converted into 
the bicarbonate. 

This salt contains two proportions of the acid 44 ; one pro- 
portion of soda 32 and 9 parts of water. 

The bicarbonate is in general use as a medicine, and forma 
the alkaline portion of soda powders. It also forms the bases 
of that agreeable beverage soda water. . 

MURIATES. 

The muriates may be distinguished by the emission of mu- 
riatic acid fumes when tested with strong sulphuric acid. 
And also when in solution, by forming a white insoluble 
chloride, when tested with nitrate of silver. The muriates, 
when in a dry state, are chlorides. 

Muriate of Ammonia — 54. 

1 p. M. Acid 37+1 p. Ammonia 17. 

Sal Ammoniac. 

Sal ammoniac was formerly imported from the East, and 

particularly from Egypt ; but has for many years been ma- 
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ttufactured in large quantities, in several parts of Europe. 
Several processes are used at the different manufactories. 
The following is the method employed at a principal manu- 
factory in Paris. 

^Two kilns are constructed of brick, in which are placed 
proper vessels for containing the materials employed. Into 
one of these vessels is placed a quantity of common salt, on 
which is poured sulphuric acid, and into the other are thrown 
animal matters, such as horns, bones, parings of hides, &c. 
On the application of heat there is extricated from one vessel, 
muriatic acid gas, and from the other, ammonia. These 
gases are conducted by flues into a chamber lined with lead, 
where they combine, and form solid muriate of ammonia, 
which incrusts the roof and sides of the room, and enters 
into solution with a stratum of water on the floor. ) 

Muriate of ammonia, as seen above, is composed of mu- 
riatic acid and ammonia. Both these constituents exist ir> 
the state of a gas, but when combined they form the solid 
compound in question. 

The elements of ammonia, (nitrogen and hydrogen,) exist 
in all animal substances, and the muriatic acid is a constitu- 
ent of common salt. In the above process the ammonia is 
extricated by the heat, while the muriatic acid is evolved by 
the decomposition of the common salt. 

This mode of preparing sal ammoniac may be illustrated 
in the following manner, and affords a very instructive and 
satisfactory experiment. 

F^g. 65. Provide two flasks, each furnished with 

a tube, as represented at Fig. 65. Into one 
of these put a handful of common salt, 
and a little sulphuric acid, and into the 
other put equal parts of powdered quick- 
lime and sal ammoniac, ground together. 
Then invert over the ends of th6 tubes a 
tall bell glass, or a tubulated receiver, as 
seen in the figure, and apply a gentle heat • 
to the bottom of each flask. The two 
V gases will be disengaged, and combining, 
'S^ will form a white cloud within the receiver, 
^^ ^ -^ which will gradually condense and cover 
^ ^ its surface with solid sal ammoniac. If 

What is iae coromoij name of muriate of ammonia 1 What ia the process for maUne 
mariate of ammonia 1 How may the process of making the muriate of ammonia be 
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one of the gases be introduced into the receiver without the 
other, it will remain transparent and unseen until it meets 
the other, when a dense white cloud will instantly be forrned. 

In this experiment the ammonia is set free, in consequence 
of the decomposition of the muriate by the quicklime, which 
combines with its muriatic acid. 

The article used in smelling bottles, and called volatue 
saltSf hartshorn, ^c, is a carbonate of ammonia. 

Muriate of. Barytes — 1 15. 
2 p. Muriatic Acid 37+1 p. Barytes 78.^ 

This salt is formed by saturating" muriatic acid with carbo- 
nate of barytes. For this purpose, either the native or arti- 
ficial carbonate may be employed. 

Muriate of barytes crystallizes in four sided tables, and 
contains nine parts, or one proportion of water. It is solu- 
ble in about two and a half times its weight of water ; and 
is much employed as a re-agent in chemistry. 

HYDROSULPHURETS. 

Sulphuretted hydrogen is formed by the action of muriatic 
acid on 'sulphuret of antimony, or some other metallic sul- 
phuret.\ 

This gas is capable of forming salts with the alkalies, or 
alkaline earths, when passed into their aqueous solutions. 
It thus performs the office of an acid, and the compounds so 
formed are called hydrosulphurets.^ 

The hydrosulphurets are all of them easily decomposed, 
with the disengagement of sulphuretted hydrogen ; the fetid 
odor of which, seldom leaves the experimenter in any doubt 
concerning the character of the compound. 

Hydrosulphuret of Potash. 

The best method of making this salt, or of impregnating 
water with any other gas, is by means of the apparatus re- 
presented by Fig. 66. 
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Fig. 66. 



The solution of pure potash 
in water, is placed in the lower 
vessel, while the materials for 
extricating the sulphuretted hy- 
drogen are contained in the re- 
tort. The influx of the sulphu- 
retted hydrogen into the lower 
vessel, drives the fluid into the 
upper one, the juncture between 
the two being made close by 
grinding. Thus, the fluid press- 
ing on the gas, the absorption 
of the latter is greatly facilita- 
ted. In this manner soda water 
may be made, the tube in the 
upper vessel being convenient 
fox the introduction of an additional quantity of soda, when 
required, or for a similar purpose when experimenting on 
other substances. These vessels being made of glass, the 
changes in the height of the fluid, and consequently its de- 
gree of pressure on the gas, are made obvious. 

This salt forms large transparent crystals, in the shape of 
six-sided prisms. Its taste is bitter, anci it is soluble in watey 
and alcohol 




: PART III. 

ORGANIC CHEMISTRY,'' 

Organic chemistry comprehends the chemical history of 
all those different substances or elements, which form vege- 
table and animal bodies.. 

In many respects this department of chemistry diflfers 
very materially from that of the mineral kingdom. The ana- 
lysis of inorganic bodies show, that each substance v/hich 
differs materially from another substance, contains some 
principle peculiar to itself, or that the difference arises from 
the multiplied proportion of some one constituent, while the 
other remains the same. Numerous instances of both these 
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eases will be found, on referring to the composition of variottt 
substances, and to such compounds as are formed by the union 
of different, but definite proportions of the some elements. 
Thus, sulphur united with oxygen, and carbon united to the 
same element, form two compounds differing from each other 
in every respect, with the exception that they both combine 
with salifiable bases and form salts. And mercury, with one 
proportion of chlorine, forms a compound, which may be taken 
m large doses, and is in general use, as a medicine, while with 
another proportion of the same element, it becomes one of 
the most corrosive poisons known. 

On the contrary,!^ the elements of organized bodies are 
comparatively few in number, and although the different 
products, of which there is a great variety, must be com- 
posed of different proportions of these few elements, yet the 
resulting compounds of the same elemenis never present 
qualities differing widely from each other, like those of the 
mineral kingdom. 

There is another wide difference between organic and in- 
organic chemistry. 'The latter presents us only with com- 
pound]^ formed in consequence of affinity, or the attraction of 
the heterogeneous particles of matter for each other. But 
organic substances are formed by the action of peculiar or- 
gans, each organ being endowed with the power of produ- 
cing different results from similar elements. 

Thus, the several organs of the same tree produce wood, 
bark, flowers, fruit, gum, honey, &c., from the same ele- 
ments : while the organs of secretion, and growth, in ani- 
mals, produce bone, marrow, flesh, bile, fat, hair, nails, &c., 
from the same food. 

In general the chemist finds little difficulty in decompo- 
sing, and afterwards imitating the products of the mineral 
kingdom, by again joining the same elements to each other. 

But although he can decompose the products of organic 
action, and find the proportions of their elements, he never 
has been able to recompose or imitate these compounds. 
Thus, sugar and gum, are found to be composeo of hydro- 
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gen, oxygen, and carbon, and the exact proportions of these 
elements which they contain, are known ; but no chemist has 
yet found the means of combining these elements, so as again 
to form sugar and gum. 

Organic substances differ also from inorganic, in their ten- 
dency to decomposition. ; Thus, all animal and vegetable bo- 
dies, without exception, when exposed to the agencies of air 
and moisture, undergo spontaneous changes, their elements 
entering into new combinations, and forming new compounds, 
to the entire destruction of the old ones. The compounds of 
the mineral kingdom, on the contrary, are generally perma- 
nent, many of them having probably not suffered the least 
change since their creation." 

The changes which result from the decomposition of ani- 
mal and vegetable substances, are often exceedingly compli- 
cated, and particularly when this is produced by heat, and in 
a close vessel. A compound, consisting of carbon, hydrogen, 
and oxygen, when thus treated, will produce water, carbonic 
acid, carbonic oxide, and carburetted hydrogen, and if the 
substance contains nitrogen, in addition to these^ there will 
also be formed ammonia, and cyanogen. 

VEGETABLE CHEMISTRY. 

Before proceeding to describe particular substances, or the 
means by which the composition of vegetable products are as- 
certained, and to show the elements of which they are com- 
posed, we shall give a short account of the process of vegeta- 
tion, and point out the chemical changes which take place 
during the growth of plants. 

We have already stated, that the elements of which vegeta- 
bles are composed are few in number, and that the great 
variety which we observe in plants, and their different parts, 
must therefore arise from the different proportions in which 
these few elements unite. 

The constituents of vegetables are carbon, hydrogen, and 
oxygen, to which is occasionally added small proportions of 
nitrogen. The nitrogen, however, occurs only m such plants 
as emit the animal odor during their decomposition, as cab- 
bage, and some of the mushrooms. 

What ia the difference between inorganic and organic bodies with respect to the tandsft. 
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Notwithstanding the great variety which we observe in the 
texture, color, taste, smell, hardness, and other properties of 
different plants, as well as their several parts, such as flowers, 
seeds, and fruits, it is certain that their compositions differ 
only in respect to different proportions of these elements. 

The essential organs of plants, are the root, the stem^ the 
leaves, the flowers, and the seeds.\ i The root serves to attach 
the plant to the soil, and is one of its organs of nutriment. 

The stem, which is usually erect, serves to elevate the 
leaves, the flower, and the fruit, from the ground, by which 
they are exposed to air and light. The leaves are the respi- 
ratory organs of the plant, and the flower performs the im- 
portant office of giving rise and nourishment to the seeds, by 
which the plant is reproduced. \ 

When a seed is exposed in a situation which favors its 
growth, it soon undergoes a change. It swells, grows soft, 
bursts its membrane, or shell, and at the same time, from be- 
ing insipid and farinaceous, it becomes sweet and mucilagin- 
ous, thus becoming fit nourishment for the new plant.; ^The 
stem and leaves are soon after elevated above the earth, in 
search of air, warmth, and light, while the root sinks into the 
ground in search of moisture and nourishment. 

The seed, however various in form, consists essentially of 
the cotyledon, the plumula, and the radicle^ The cotyledon 
contains the matter necessary for the early nourishment of 
the young plant. Sometimes this is single, sometimes double, 
and sometimes it is divided into lobes. The plumula is en- 
veloped within the cotyledon, and is the part which produces 
the stem and leaves. The radicle shoots downwards, and 
becomes the root. 

IHg. 67. The garden bean, having been 

/?fe\ y"lm\ * few days in the ground, shows 

all these parts in perfection, and 

is represented by Fig. 67. The 

Ij....-^ cotyledons form the bulk of the 

f/ seed, and are marked a a. The 

^■■''^XI^B' r^^P^ plumula b, and the radicle c, are 

I J ^^^^>\^ represented as beginning to shoot, 

J while d d mark the membrane by 

which the whole has been enclosed. 
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When a seed is placed in circumstances favorable to its growth, what changes does it un- 
dergo 1 What is said of the stem and roots 1 Of what does a seed esaentiaUy cootriat t 
What IB the cotyledon? 
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The circumstances necessaty for healthy germination are, 
a temperature above the freezing point, and below 100 de- 
grees ; moisture in a certain proportion, depending on the 
kind of seed ; tlnd a proper access of air. 

^The joint operation of these several agents seem absolutely 
requisite ; for seeds exposed to the action of air and moisture, 
at a temperature below 32° will not grow, though they may 
not be absolutely destroyed by the frost Nor will seeds ve- 
getate without the contact of some air, though both heat and 
moisture be present This is shown by burying seeds deep 
in the ground, where Ihey are known to lie in a torpid state 
for years, and in some instances, it is supposed, even for cen- 
turies. Thus, when alluvial soils are exposed to the sun, 
though taken from many feet below the surface, they afford 
grass from the seeds they already contain, and which had 
before remained torpid an unknown length of time, for want 
of the germinating power of oxygen. 

This curious fact is confirmed by the experiment of Mr. 
Ray, who found that seeds exposed to heat and moisture, but 
confined in the exhausted receiver of an air pump, showed 
no signs of germination. 

Other experiments have proved that seeds will not grow 
under any circumstances, without the presence of oxygen. 
Healthy seeds, supplied with abundance of heat and moisture, 
but confined to an atmosphere of nitrogen, carbonic acid, or 
hydrogen, showed no signs of germination. 

It appears, however, that only a very small quantity of 
oxygen is required for this purpose, for Mr. Ray found that 
when the receiver of his air pump was not completely ex- 
hausted, the seeds would sprout. In this respect several ex- 
perimenters have been deceived, and in consequence of not 
producing a complete vacuum, have concluded that air was 
not necessary for the process of germination. 

It being thus certain that seeds will not germinate without 
the aid of oxygen, it hardly need to be stated that the future 
growth of the plant must require the presence of the same 
principle. 

The immediate source from which plants draw their nou- 



What is the plumula 1 What is the radicle 1 What are the circumfltancee neoeaniy 
to healthy germination 1 Will seeds grow, when esrpoeed to air and moisture, under 3S 
^Bgreesl How is it shown that seeds will not vegetate without airl What was Mt. 
Ray's experiment on the growth of seeds 1 What gas ki absolttteljr iMoeaaiy to the 
gnrwth of seeds 7 

25* 



294 tEC^ErATfOlf. 

rishment, has been' a matter of doubt and controversy. It is 
certain, however, that they will not grow without the pre- 
sence orheat, air, and moisture. It also seems necessa<F7 for 
their vigorous growth, that their roots should be placed in 
the earth, but whether this is requisite for their nourishiaent, 
or whether the ground serves merely to give them support, 
was a question long in dispute. 

Van Helmont planted a willow which weighed 5 pounds, ui 
a pot containing 200 pounds of earth. This he watered for 
the space of five years, and, at the end oi that time, the tree 
*ras found to weigh 169} pounds, while the earth in which it 
had stood, being dried as at first, was found to have lost only- 
two ounces. Here, then, was an increase of 164 pounds 
weight, and yet the food of the plant had been water only. 
This experiment was supposed to settle all controversy, and 
to decide that the sole food of plants was water. But Mr. 
Boyle afterwards showed, that the water with which the tree 
was moistened, contained earth, from which the willow de- 
rived at least a part of its nourishment. 

After a great variety of curious, and many elaborate ex- 
periments, on this subject, it has been ascertained, that plants 
will germinate in pure water, and that the young plant, for a 
time, will grow with no other aliment; but that it finally grows 
sickly, and does not come to maturity and produce seed, w^ith- 
out other nourishment. 

A proof that plants do not thrive on water alone, is drawn 
from the well known fact, that soils become sterile by a long 
succession of crops, but are again made productive by the 
addition of new ingredients. 

Nor does it appear that the simple earths, or clay, without 
some additional ingredients, are safiicient to support the 
growth of vegetables. On making an experiment, by plapt- 
ing seeds in pure silica, alumina, or magnesia, moistened 
with pure water, and exposed to proper degrees of heat, it 
was found that, although germination was eflfected, the young 
plants did not grow, until supplied with water, which con- 
tained vegetable or animal remains in solution. 
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It is for this reason, that earth, taken from a depth below 
the surface, never forms a productive soil. The soils best 
adapted to the growth of plants, always contain a proportion 
of vegetable mould, that is, the remains of decayed vegeta- 
bles. This mould contains a quantity of matter which is so- 
luble in vmter, and it is probable that the fertility of a soil 
depends in a degree on the quantity of soluble matter it con- 
tains, and that in this manner the ahment of plants is prepared 
for absorption by the roots. 

The sa/p which is prepared from the fluid absorbed by the 
roots, is constantly ascending up the vessels of the plant du- 
ring its growth, until it arrives at the leaves. Here it under- 
goes a considerable change, the watery parts being thrown 
off by the perspiration of the leaves, while that which re- 
mains is converted into a peculiar juice, called the true sa/p, 
which, like the blood of animals, is afterwards employed in 
forming the various substances found in plants. 

The leaves of plaints are not only their perspiratory organs, 
but they also serve the purpose of respiration, that is, they 
alternately absorb carbonic acid and emit oxygen at their 
surfaces. , 

Plants constantly throw off moisture from their surfaces 
by perspiration, but the quantity is much larger during the 
day than during the night. . Dr. Hales found that a cubage 
transmitted daily a quantity of water nearly equal to half its 
weight.! The office of transpiration is performed entirely by 
the under side of the leaf, and may be almost entirely stopped 
by spreading varnish on that surface. 

The fact that plants absorb carbonic acid was first observed 
by Dr. Priestley. Having suffered a sprig of mint to' vegetate 
for ten days in a quantity of this gas, which would instantly 
extinguish a candle, he found, at the end of that time, that 
the candle was not extinguished by it as before, but that the 
flame continued for a while. Subsequent experiments have 
shown, that pure carbonic acid stops the growth of plants. 
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tmt that a small qaantity is absolutely necessary to healthful 
vegetation. 

In Dr. Priestley's experiment, the sprig of mint could not 
have qualified the air in which it was confined, for the sup- 
port of combustion, merely by the absorption of the carbonic 
acid. It must be inferred, therefore, from this experiment, 
that .the plant not only absorbed carbonic acid, but that it gave 
out oxygen, or that it converted the carbonic acid into oxygen 
gas, and this inference has been confirmed by experiment 

Plants, while growing in the light, absorb carbonic acid 
from the atmosphere, w^hich they decompose ; the oxygen, 
of which this acid is in part composed, being emitted, while 
the carbon is retained by the plant. 

If a growing plant, as a sprig of mint, be exposed to the 
sun, in a glass vessel filled with water, it constantly emits 
from its leaves small bubbles of air, which on examination 
are found to be oxygen gas. ( Now water, under ordinary 
circumstances, always contains a quantity of atmospheric air, 
and the atmosphere always contains a proportion of carbonic 
acid, and .hence it may be inferred, that the water furnishes 
the air which the plant decomposes in this experiment ; that 
this is the case, is proved directly by making the experirnent 
with water, deprived of its air by the air pump, or by boil- 
ing, when not a particle of oxygen is obtained. 

That it is the carbonic acid which the plant decomposes, 
and from which the oxygen is derived, is proved by two facts. 
The first is, that vegetables are found not to emit oxygen, 
unless carbonic acid be present. The other is, that if the plant 
be confined in a mixture of carbonic acid and oxygen, the 
quantities of which are known, the proportion of oxygen will 
be increased, while that of the acid will be diminished.' 

From these facts we arrive at the wonderful conclusion, 
that plants absorb carbonic acid from the atmosphere, and 
that they retain the carbon for their own nourishment^ but 
return the oxygen to purify the air. And from all that is 
known, it is most probable that a great proportion, if not all 
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the ca?bdti' which wood contains is derived from the atmoa- 
phere in this manner. 

On the contrary, during the night, or when the light of the 
sun is withdrawn;^ plants absorb oxygen, and form with it car- 
bonic acid, a part of which they emit, and a part is retained. 

It appears from experiment, that vegetables not only cease 
to thrive, but that they actually die, if deprived of this night- 
ly inspiration of oxygen. Thus, if a plant be confined du- 
ring the day in a portion of carbonic acid, it decomposes a 
part of this gas, which is replaced by the emission of an 
equal volume of oxygen. But at night a part of this oxygen 
is absorbed and converted into carbonic acid, which is again 
emitted. Thus, ultimately, the plant decomposes all the car- 
bonic acid, because it emits more oxygen during the day than 
it absorbs during the night. But if the oxygen which is 
formed during the day is withdrawn at evening, that is, if the 
plant has a new supply of pure carbonic acid every day» it 
soon droops, and dies for the want of its oxygen. 

The leaves of plants absorb water, as well as carbonic acid 
and oxygen. The great effect which the dew of, night, or 
sprinkling with water, has on a drooping flower, is a proof 
that the leaves imbibe moisture. 

Experiments also prove, that detached leaves often live 
for weeks when swimming on the water, and that a plant 
which is dying for want of moisture at the root, will revive 
and grow, when a branch with its leaves is placed in a ves- 
sel of water. 

It is most probable, therefore, that during dry seasons, and 
when there is a defect of moisture at the root, that the plant 
is in part sustained by the absorption of water from the air 
and particularly from the dew as it falls at night. 

In addition to heat, tAisture, oxygen, and carbonic acid, 
healthy vegetation requires a certain quantity of light. It is 
well known that plants wJiich grow in the dark are always 
nearly colourless, and that they appear weak and unhealthy. 
The disposition of plants to enjoy the light is expressed by 
their inclination towards it, when it is stronger in one direc- 
tion than in another. 
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Thus, bean, or potato vines growing in a dark cellar, wiD 
always run towards the light, and if possible, will creep out 
into the open air. And flowers, growing in pots placed near 
a window, will always lean towards the light, so that to keep 
them in a vertical position the pots must often be turned. In 
thick forests, the trees grow tall for the same reason; they 
stretch upwards to enjoy the light and heat of the sun. 

Plants which grow in the dark contain more water, and 
less carbon, than those which -grow in the sun. A plant which 
grew in the dark, on analysis of one of its branches, was 
found to contain only one ninetieth part of carbon; but on 
allowing the same plant to stand for thirty days in the sun, it 
was found to contain one twenty-fourth part of carbon. 

This is readily accounted for, by the fact, that plants grow- 
ing in the dark, emit no oxygen, but give out carbonic acid, 
and hence the defect of carbonaceous matter which they con- 
tain.'. This also accounts for the circumstance, that when a 
healthy plant is placed in the dark, it not only ceases to form 
carbon, but actually loses a part of that which it before con 
tained, by the constant emission of carbonic acid. 

Recofilulation. 

1. Vegetable substances are chiefly composed of carbon, 
hydrogen, and oxygen, but sometimes contain portions ofnitro- 

2. During the process of germination, the farinaceous sub- 
stance of the seed, become sweet, and affords nourishment to* 
the young plant. 

3. Healthy germination does not proceed without the com- 
bined presence of heat, water, ind oxygen. 

4. Seeds will not germinate in a^ vacuum, or in any gas 
which does not contain oxygen, though heat and moisture be 
Ittesent. 

5. Plants receive nourishment fr#m the air, as well as from 
the earth. 

6. Plants nourished by pure water, and having access to 
the air, grow for a time, but do not produce seeds. 

7. The nourishment which plants receive by the roots, is 
probably in a slate of solution in water. 
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8. The sap undergoes a change in the leaves, where it 
parts with a portion of water, and is thus fitted to form the 
various substances found in vegetables. 

9. In the day time, plants absorb carbonic acid, retain the 
carbon, and emit the oxygen. 

10. In the night they absorb oxygen, and give out carbonic 
acid. 

11. Plants do not live unless they are permitted to absorb 
oxygen during the night; nor will they live unless they ab- 
sorb a portion of carbonic acid during the day. 

12. Vegetation will continue for some time in either car- 
bonic acid, or oxygen gas ; because when confined in carbo' 
nic acid, plants emit a quantity of oxygen during the day, 
which they absorb at night ; and when confined in oxygen, 
they give out a quantity ot carbonic acid at rdght, which again 
serves them during the day. 

13. Healthy vegetation absolutely requires the agency of 
light. 

14. Plants which grow in the dark, are white. They show 
their propensity to enjoy the light, by leaning, or creeping to- 
wards it. 

15. Plants, growing in the dark, do not absorb, and de- 
compose, but emit carbonic acid, and hence they contain a 
deficiency of carbon. 

VEGETABLE ACIDS. 

('The vegetjible acids are generally less liable to spontane- 
ous decomposition than other vegetable products. They 
form salts when combined with the salifiable bases. Most 
of them are decomposed by hot nitric acid, being converted 
into carbonic acid and water. All of them suffer decompo- 
sition when exposed to a red heat. These acids are nume- 
rous, but a large proportion of them are of little consequence, 
and therefore we shall describe only the most useful. 

S 
Acetic Acid — 50. 
4 p. Carbon 24. 3 p. Oxygen 24. 2 p. Hydrogen 2. 
Vinegar. 

The acetic acid, or vinegar, exists ready formed in the sap 

What !• said of the tendency of vegetable acids to decomposition 1 How may the vege* 
taUe acids be decompoeedl What is the composition of acetic acid % What is the com* 
moQ name of acetic acid % 
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of some plants, either in a free state-, or combined with lime, 
or potash, /it may be formed artificially either by the ace- 
tous fermentation, or by the destructive distillation of wood. 

In the first case, it is made by exposingf wine, cider, beer, 
or any other liquid capable of passing through the acetic fer- 
mentation, to the action of the air. . This last condition is ab- 
solutely requisite, for no liquid will form vinegar if prevented 
from the access of air, that is, from the presence of oxygen. 
The liquid must also be exposed to certain degrees of tem- 
perature, for the acetic fermentation does not proceed, when 
the thermometer is at 32 degrees, and but very slowly when 
it is near this point. 

In this process, little or no gas is evolved, but on the con- 
trary the oxygen of the atmosphere is absorbed, so that the 
liquid undergoes a slow oxidation. 

The vinegar obtained by the distillation of wood is called 
pyrolignemis acid, that is, the acid of burned wood. When 
first made, it is very impure, and of a dark colour, holding 
in solution carbon, soot, tar, and volatile oil, which gives it 
a strong smell of smoke. It is purified by a second distilla- 
tion, and is largely employed for manufacturing purposes, 
and particularly in the preparation of white lead. 

The acetic acid is distinguished from all other acids by its 
peculiar flavor, odor, and volatility. Its salts are called 
acetates. These salts are all of them decomposed at a red 
heat, or by the action of sulphuric acid. 

Acetate of Lead — 172. 

1 p. A. Acid 50+1 p. Oxide Lead 112! 

Sugar of Lead. ] 

This salt is prepared by dissolving either litharge, or white 
lead, in distilled vinegar. The solution is sweet to the taste, 
and hence its common name. It occurs in small shining 
crystals, which contain 27 parts, or 3 atoms of water. 
This salt is partially decomposed when abandoned to the ac- 
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tion of the atmosphere. It parts with its water of crystalli- 
zation, and absorbs carbonic acid from the atmosphere, thus 
being changed into a carbonate, or into white lead. ; We 
have stated in another place, that in the manufacture of white 
lead, the same change is effected ; the lead being first dis- 
solved by the acetic acid, and afterwards changed into a car- 
bonate by the action of the atmosphere. 

The acetate of lead is largely employed in the process of 
colouring, and as a sedative and astringent in surgery. 

Acetate of Copper — 130. 

I p. Acetic Acid 50-|-l p. Oxide of Copper 80. 

Verdigris. 

This salt may be prepared by exposing metallic copper to 
the vapor of vinegar. The process appears to consist in the 
absorption of oxygen from the atmosphere by the metal, after 
which it is dissolved in the acetic acid. 

Verdigris is manufactured largely in the south, of France, 
by placing plates of copper between the refuse of grapes af- 
ter the juice is pressed out, for the making of wiae. The flu- 
ids which the grapes still contain, pass through the acetic 
fermentation, by exposure to the atmosphere, and after seve- 
ral weeks, the plates acquire a coat of the acetate, which 
being scraped off, they are again exposed to the same pro- 
cess. The acetate is afterwards purified by solution, and 
crystallization. 

Oxalic Acid — 36. 

2 p. Carbon 12+3 p. Oxygen 24. 

Acid of Sorrel. 

The oxalic acid exists ready formed in several plants, and 
particularly in the ozalis acetosella, or wood sorrel, and also in 
common sorrel. It is readily prepared artificially, by digest- 
ing white sugar in five or six times its weight of hitric acid, 
and evaporating the solution to the consistence of syrup. On 
cooling, crystals of oxalic acid will be deposited ; but they 
should be purified by solution in water, and again crystallized 
by evaporation. 
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Oxalic acid crystallizes in slender, flat prisms, which have 
an exceedingly sour taste, and which in solution combine with 
the salifiable bases, and form a class of salts caHed'oxalates. 
These crystals contain half their weight of water of crystalli- 
zation. 

This acid is easily distinguished from all others, by the 
form of its crystals, and by its solution giving with lime water 
a white precipitate, which is not dissolved by adding in ex- 
cess of the same acid. Oxalic acid is one of the most prompt 
and fatal poisons known, when taken in large doses. Fatal 
accidents have many times happened, in consequence of mis- 
taking this acid for Epsom salts. 

This acid is employed by calico printers, for the purpose 
of discharging certain colors. It is also used in families, 
for taking out spots of iron mould, and other stains. 

The oxylates are none of them of much importance. The 
oxalates of potash, like the acid itself, is sold under the name 
of essential salt of lemons, for removing stains from linen. 

Tartaric Acid. 

4 p. Carbon 24+5 p. Oxygen 40+2 p. Hydrogen 2.* 

Tartaric Acid — 66. 

Cream of tartar is the purified lees, or deposits of wine 
casks. From cream of tartar the tartaric acid is produced, 
by mixing the former with chalk in fine powder, and throwing 
the mixture into boiling water, by which the cream of tartar, 
which is a tartrate of potash, is decomposed, and a tartrate of 
lime is formed. The tartrate of lime is then washed, and de- 
composed by dilute sulphuric acid, which, combining with the 
lime, sets the tartaric acid at liberty, where it remains in so- 
lution. This solution being evaporated, the tartaric acid is 
obtained in white crystals. 

This acid is employed by calico printers, to discharge false 
prints, and by tallow chandlers to whiten their goods. It is 
also used, when dissolved in a large quantity of water, as a 
cooling beverage in the hot season. When mixed with car- 
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bonate of soda in solution, it forms the effervescing draught 
called soda powder, of which large quantities are prepared 
and sold during the summer season. 

The effervescence, the only property which makes this 
drink agreeable, is occasioned by the union of the tartaric 
acid with the soda, in consequence of which the carbonic 
acid is liberated, and in escaping through the water, causes 
the effervescence. 

This acid is remarkable for its power of combining with 
two bases at the same time, and forming double salts. The 
most important of these salts is well known under the name 
of tartar emetic. 

\ Tartrate of Antimony and Po^^wM— 354. 
2 p. Tartaric Acid 132+2 p. Protoxide of Antimony 156. 
1 p. Potash 48+2 p. Water 18. 
Tartar Emetic, 

This compound, so singular from the number of constitu- 
ents it contains,, is made by boiling the oxide of antimony 
called crocus metallorum, with tartrate of potash, or cream of 
tartar. 

This salt crystallizes in transparent prisms, which after- 
wards grow wnite and opaque by exposure to the air. It is 
soluble in about fifteen parts of cold, and three parts of hot 
water. 

; When dissolved in water, the solution gradually undergoes 
spontaneous decomposition, and becomes inert as a medicine. 
This may be prevented by the a.ddition of about one third part 
alcohol to the aqueous solution. This salt is also decompo- 
sed by many re-agents, as by all the stronger acids, and seve- 
ral of the alkalies and alkaline earths, and even by vegeta- 
ble substances. Infusion of nutgalls causes with it a whitish 
precipitate, which is considered a compound of tannin and 
oxide of antimony. This compound is inert, and hence the 
decoction of chincona bark, as it contains tannin, has been 
given as an antidote to an over dose of tartar emetic. 
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Citric Acid — 58. 

' 4 p. Carbon 24+4 p. Oxygen 32+2 p. Hydrogen 2." 

Salt of Lemons. 

This acid is obtained from the jiiice of lemons, by the same 
process as that described for tartaric acid. Finely powdered 
chalk is added to the juice, as long as any effervescence en- 
sues. The citrate of lime thus formed, is insoluble in water, 
and sinks to the bottom of the vessel. This being washed, 
is digested in dilute sulphuric acid, by which an insoluble 
sulphate of lime is formed, while the citric acid, being thus 
set at liberty, remains in the solution, and on evaporation is 
obtained in crystals. 

These crystals are large, transparent, and beautiful. They 
undergo no change by exposure to the air, are exceedingly 
sour to the taste, but when dissolved in a large proportion of 
water, make an agreeable drink, in consequence of retaining 
the flavor of the lemon. 

This acid forms salts with the salifiable bases, but none of 
them are of importance. There is a variety of other vegeta- 
ble acids, most of which are of no importance in any respect. 
Some of these have been analyzed, while the composition of 
others are unknown. We may, however, conclude, by ana- 
logy, that they are all composed of oxygen, carbon, and hy- 
drogen, in different proportions. 

Composition and Analysis of Vegetable Substances. 
When vegetable substances are submitted to destructive 
distillation, the carbon, oxygen, and hydrogen, of which they 
are composed, enter into new combinations, and there is 
obtained a variety of products, which differ from each other, 
according to the nature of the vegetables, and the mode of 
distillation. In general, these products are water, pyroligne- 
ous acidf empyreumatic or burnt oil, carbonic acid, and car- 
buretted hydrogen.^ If the vegetable contains nitrogen, a 
quantity of ammonia will be formed, and in either case, there 
will remain in the retort, a quantity of charcoal, with a small 
portion of earthy and saline matter. 
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These several products are all composed of the same ulti- 
mate principles, hut aye newly arranged and combined in 
different proportions. (The new arrangements may readily 
be accounted for, from the circumstance, that the several 
elements, being in contact with each other in the retort, are 
at full liberty to exercise their affinities and to combine ac- 
cordingly. 

The composition of the new products, named above, will 
show that they consist only of the old elements differently 
combined.' Thus, water is composed of oxygen and hydrogen. 
Pyroligneous acid consists of hydrogen, carbon, and oxygen ; 
empyreumatic oil of carbon, hydrogen, and oxygen; carbonic 
acid of carbon and oxygen ; carburetted hydrogen of carbon 
and hydrogen; and ammonia consists of nitrogen and hydro- 
gen. With the exception of ammonia, therefore, these several 
products are constituted of only three elements, their differ- 
ence being the result of the different proportions in which 
they combine, or, in two instances, of the absence of an ele- 
ment. 

On subjecting different vegetables to ultimate analysis, by 
destructive distillation, it has been found that the products, 
which result from the different combinations of oxygen and 
hydrogen are as follows. 

' A vegetable substance is always acid, when the oxygen 
which it contains is to the hydrogen in a proportion greater 
than is necessary to form water, or where there is an excess 
of oxygen. 

A vegetable substance is resinous, oily, or alcoholic, when 
the oxygen is to the hydrogen in a less proportion than in 
water, or where there is an excess of hydrogen. 

A vegetable substance is neither acid nor resinous, but 
saccharine or mucilaginous, when the oxygen and hydrogen 
are in the same relative proportions as in water, or where 
there is no excess of either oxygen or hydrogen. 

In oil, resin, alcohol, sugar, and mucilage, there is a quan- 
tity of carbon, in addition to the oxygen and hydrogen. 



Whnt are tbe elements of the several compounds obtained by the destructive distiUation 
of y«?getablfi8l In a vegetable acid, is the proportion of oxygen greater or leas than is 
necessary to form water 1 What vegetable substances are formed when there is an ex- 
ceas of hydrogen 7 In what proportions are the hydrogen and oxygen in saccharine and 
mucilaginous substances 1 
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Ingredients of Plants. 

'.The ingredients of plants are distinct substances, formed 
by their secreting organs, and separable from each other with- 
out destructive distillation.^ They are separated by certain 
solvents, which have the power of dissolving some, but not 
others. Thus, water dissolves the gum but not the resin, 
while alcohol takes up the resin and leaves the gum. The 
solvents employed for these purposes are hot and cold water, 
ether, alcohol, and some of the acids. 

The following are the principal ingredients, or what are 
called the proximate principles of plants ; viz. 



Gum 


Fixed oil 


Sugar 


Volatile oil 


Starch 


Camphor 


Gluten 


Resins 


Extractive 


Narcotine 


Lignum 


Bitumen 


Tannin 


Vegetable alkalies 


Coloring matter 


Vegetable acids. 


Wax 





We shall examine the properties of only the most important 
of these principles. 

Gums. 

Gum Arabic may be taken as an example of pure gum. 
It dissolves in water, with which it forms a viscid solution, or 
mucilage, from which it may be obtained in its original state, 
by spontaneous evaporation. It is insoluble in alcohol, or 
ether, the former precipitating it from the watery solution in 
the form of white flakes. Gum is decomposed by sulphuric 
and nitric acids. By the former, it is resolved into water, 
acetous acid, and charcoal; the latter produces with it oxalic 
and malic acid. When gum is submitted to destructive dis- 
tillation, it affords water, carbonic acid, carburetted hydro- 
gen, empyreumatic oil, and acetic acid. 



What arc the ingredients of plants 1 How are the ingredients of plants separated from 
each other 7 What are the principal ingredients, or proximate principles, of plants 1 In 
what liquid is gum soluble 1 Into what substances is gum resolved by sulphuric acid 1 
What are the products of gum, when submitted to destructive distillation? 
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Sugar. 

/Sugar is chiefly obtained from the sugar cane, a plant 
which grows in hot climates, and which yields it in a larger 
proportion than any other substance. It is also procured from 
the sugar maple, by boiling down the sap which flows from in- 
cisions made in the tree ; and from several roots, particularly 
the beet, from which large quantities are made in France. 

i' In the manufacture of sugar from the cane, the first pro- 
cess consists in obtaining the juice, which is done by grind- 
ing and pressure. This i*3 then evaporated by a gentle heat, 
during which a quantity of lime is added, partly for the pur- 
pose of neutralizing any free acid, and partly for the purpose 
of separating extractive matter, which unites with the lime, 
and forms a scum on the surface of the liquid. The evapora- 
tion is continued until it acquires the consistency of syrup, 
when it is transferred into wooden coolers, where a portion 
concretes into a crystalline mass, and in this state forms what 
is called muscovado or raw sugar. It is then placed in ves- 
sels with apertures in the bottom, where the more fluid parts 
drain ofl^, and form the well known sweet syrup, molasses. 

Raw sugar is refined by the following process : The su- 
gar being dissolved in water, is mixed with the whites of 
eggs, or the serum of blood, and boiled. The albumen or 
serum is thus congulated by the heat, and rising to the sur- 
face, brings with it such impurities as the sugar contained, 
which are removed by a skimmer. When the syrup is judged 
to be sufficiently clear, it is placed in smaller pans, and far- 
ther concentrated by boiling, and then transferred into cool- 
ers, where it is agitated with wooden oars, until it appears 
thick and granulated. It now becomes white, and the crystals 
being broken by the agitation, facilitates the draining oflT of 
the colored matter which remains. 

It is next placed in conical cups of earthenware, of the 
well known form called sugar loaf. These having aper- 
tures at the bottom, a portion of molasses drains oflfj leaving 
the sugar much whiter than before. Lastly, a quantity of 
pipe clay is mixed with water to the consistency of cream. 



What are the principal vegetables from which sugar is obtained % What is the pro- 
cess by which sugar is extracted from sugar canel Why is lime added to the juice of 
tlie cane when boiling 7 What is muscovado sugar 1 How is molasses obtained? How 
i« raw sugar refined % What is the use of the albumen and serum used in this procesB 1 
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and poured on the loaves to the thickness of an inch. The 
water from this slowly percolates through the loaves, and 
washes all remains of the coloring matter from the sugar. 
The loaves are then dried by heat, and put in papers for 
sale. ^ 

Refined sugar undergoes no change when exposed to the 
air, the dampness of raw sugar being caused by impurities. 

Sugar is decomposed by the sulphuric and nitric acids. 
By analysis it is resolved into the usual constituents of vege- 
tables, oxygen, carbon, and hydrogen. 

StdTcL 

Starch is an abundant principle in the vegetable kingdom, 
being one of the chief ingredients in most sorts of grain, and 
in many roots and seeds. ^The process for obtaining starch 
consists in difiusing the plowdered grain or rasped root in 
pure cold water, by which the water is rendered white and 
turbid. After some hours, the grosser parts^ which in wheat 
consists chiefly of gluten, are separated by straining, and the 
water which passes through, being placed in shallow vessels, 
deposits the starch, on standing. It is afterwards washed and 
dried with a gentle heat. 

If starch be boiled for a considerable time in water con- 
taining about a twelfth of its weight of sulphuric acid, it is 
converted into sugar. By careful analysis, it has been found 
that the only difference between the composition of starch 
and sugar^ is, that the starch contains less hydrogen and oxy- 
gen, in proportion to the carbon, than sugar.' How the acid 
acts to convert the starch into sugar, has not been satisfacto- 
rily explained. During the germination of seeds, a similar 
change is effected, the starch being In part converted into 
sugar. 

The principal varieties of starch, are arrow-root, potato 
starch, sago, tapioca, cassava, salop, and the starch of 
wheat. 

Gluten. 

Gluten may be obtained from wheat flour, by forming it 
into a paste, with cold water, and continuing to wash this 



How is the sugar purified and whitened after it is placed in the conical cups 1 What 
is said of the abundance of starch in the vegetable kingdom 7 What is the process for 
obtaining starch 1 How may starch be converted into sugar 1 What is the difference 
between the compomtion of starch and sugar 7 What are the principal varieties of starchi 
How may ghiten be obtained 1 
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paste under a stream of the same fluid, as long as any thing 
IS carried away .J The starch being thus removed, a tough 
elastic substance, of a gray color, will remain, which is 
gluten. . 

This substance has no taste, and is insoluble in water, 
alcohol, or ether, but is soluble in alkalies and acids. If left 
to undergo the putrefactive fermentation, it emits an offensive 
odor similar to animal substances, and from this circumstance 
it is apparent that it contains nitrogen, which indeed is proved 
by its yielding anmionia at a red heat. 

Of all substances, wheat contains the greatest proportion 
of gluten, and it is owing to this circumstance, that wheat 
flour is more nourishing than that of other grain, gluten be- 
ing the most nutritive of all vegetable substances. It is also 
OAving to the presence of this substance in the flour, that the 
dough is tenacious, and the bread spongy, or light,- the car- 
bonic acid formed during the fermentation of the dough, 
being detained by the gluten, in consequence of which, the 
whole mass is distended, with bubbles of air. 

Wheat contains from 18 to 24 per cent, of gluten, the re- 
mainder being principally starch. 

.Extractive Matter. 

Most vegetables, when infused for a time in hot water, 
impart to it a brown color. When such solutions are evapo- 
rated, there remains a solid substance, of a brownish, or some- 
times of a yellowish color, whi^ch is extractive matter. 

Extracts are prepared by apothecaries, as a means of con- 
centrating the virtues of plants for medicinal purposes. These 
extracts not only contain the proper extractive matter, but 
several foreign substances also, such as resin, coloring matter, 
oil, &c. 

Coloring Matter. 

The coloring matter of vegetables is chiefly red, blue, 
green,' yellow, or mixtures of these colors. Nearly all vege- 
table colors are discharged by the continued action of light. 



What \b the appearance of gluten ? What are some of the properties of gluten? Why 
is wheat flour said to be more nourishing than that of other grain 1 In what manner 
does tlie gluten in the dough produce the spongineas of the bread 1 What is extractive 
matter 1 What are the principal tints of the coloring matter of vegetables 1 What effect 
does light have on the coloring principle of vegetables 1 
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and without exception, they are all destroyed by the action 
of chlorine. 

Acids and alkalies either destroy, or change the tints of 
vegetable colors. 

1 The extraction of the coloring principles, and the trans- 
fer of them to different substances, constitutes the art of dye- 
ing, an art which, in the succession of ages, has been carried 
to a high degree of perfection. ^ This art has been practised 
from the remotest antiquity ; for the history of man informs 
us, that from the king on the throne, to the savage in the 
wilderness, all have ever been fond of decorating themselves 
in a variety of colors. 

Colors have been divided into suhstaiitive and adjective. 
Substantive colors are such as do not require the interven- 
tion of any other substance to fix them permanently, their 
attraction for the cloth being sufficient for this purpose, 
s Adjective colors require the intervention of some substance, 
which has an affinity both for the coloring matter, and the 
stuff to be dyed. This intervening substance is called a 
mordant. The mordant generally consists of a metallic salt 
dissolved in water, with which the cloth is impregnated, after 
which it is passed through the solution of coloring matter. 
The mordants most commonly employed, are muriate of fin^ 
sulphate of iron, acetate of iron, and sulphate of alumine. • 

Different mordants are used for different colors, and dif- 
ferent kinds of cloth. Thus, black is made • with sulphate 
of iron, nutgalls, and logwood. Yellow, with alum, fustic, 
and saffron ; red, of cochineal, madder, red wood, or archil, 
with muriate of tin, or sulphate of alumine for a mordant. 
Blue is made with indigo, &c. 

Tannin 

Tannin is the substance, by the absorption of which, the 
skins of animals are converted into leather. This substance 
is contained abundantly in nutgalls, in the bark of many 
trees, particularly the oak, hemlock, and birch, and in most 
vegetable substances which are astringent to the taste. 

Tannin may be obtained from any of these substances, 
by first bruising the article, and then digesting it in a small 

What are the efibcts of chlorine on these colors 1 What constitutes the art of dyeings ? 
How are colors divided? What are substantive colors! What are adjective colors 1 
What are mordants in coloring 1 What are the principal substances used as mordants ? 
What is tannin 1 What are the principal substances which contain tannin 1 How may 
tannin be ootained 1 
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quantity of cold water, and afterwards evaporating the water. 
This substance is of a yellowish brown color, extremely 
astringent to the taste, and soluble in water and diluted al- 
cohol. 

(Tannin is distinguished by its affording an insoluble pre- 
cipitate with isinglass, or any other animal jelly.! It is on 
this principle that the art of tanning leather is founded. The 
hides are laid in vats, and between them there is thrown a 
layer of oak or other bark, which contains tannin, in coarse 
powder. The tannin of the bark is first dissolved by the 
water and afterwards combines with the leather, by which it 
is rendered hard, and nearly impervious to water. 

Vegetable Oils. 

The vegetable oils are of two kinds, JFixed and Volatile. 

Fixed Oils. These are found only in the seeds of plants, 
and chiefly in such as have two cotyledons, such as almonds, 
linseed, walnuts, and rapeseed. The oil of olives, however, 
is extracted from the pulp which surrounds the kernel. 

[The fixed oils are obtained by crushing or bruising the 
seed, and subsequent pressure. , They are viscid, nearly in- 
sipid, and inodorous, and generally congeal at a temperature 
considerably higher than 32 degrees. 

The fixed oils, with a few exceptions, undergo little other 
change, by exposure to the air,/ than those of growing more 
viscid, and acquiring a degree of rancidity. The latter 
change is owing to the absorption of oxygen, for rancid oils 
redden vegetable blues, showing that they contain a quantity 
of free acid. 

The absorption of oxygen, by some of the fixed oils, and 
particularly by those of linseed and rapeseed, is sometimes 
so abundant and rapid, as to set fire to light porous substan- 
ces on which they are spread. 

These are called cases of spontaneous combustion, arid in 
many instances, where these oils have been suffered, either 
by accident or otherwise, to come in contact with cotton wool, 
or cotton cloth, destructive fires have been the consequence. 

The alkalies combine with the fixed oils, and form soap. 



How is tannin distinguished 1 On what principle is the tanmng of leather founded 7 
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The composition of all these oils is carbon, and hydrogen, 
and oxygen. 

Volatile Oils. Plants and flowers owe their odor and fla- 
vor to volatile or essential oils. These oils are obtained by 
distilling the plants which contain them with water. The wa- 
ter prevents the plant from being burned. Both pass into 
the receiver from the still, where the oil is found either at the 
bottom, or on the surface, as its density is greater or less than 
that of water. Some fruits, however, yield essential oil by 
pressure ; such are the orange, the lemon, and the bergamot, 
which contain it in vesicles in the rind of the fruit. 

The odor of the essential oils is aromatic, and their taste 
penetrating. They consist of the odoriferous principle by 
which plants are distinguished from each other in a concen- 
trated state. These oils are soluble in alcohol, and very 
sparingly so in water. When dissolved in the former, they 
constitute essences, a great variety of which are nianufe.ctur- 
ed, particularly in Paris, and sold as perfumes in most parts 
. of tne world. 

All the volatile oils, when pure, pass away by evaporation. 
Hence, a good test of the purity of these oils is to let a drop 
fell on paper, and if any oily spot is left, after warming- the 
paper, the essential oil has been adulterated by some fixed 
oil. 

The essential oils burn with a clear, white light, and the 
only products of their combustion is water and carbonic acid. 
Hence, these oils are composed solely of carbon and hydro- 
gen, the water and carbonic acid being formed by the ab- 
sorption of oxygen to support the combustion. 

Resins. 

The resins are peculiar substances which exude from cer- 
tain trees, or plants, or are contained in their juices. They 
commonly contain a portion of the essential oil of the plant. 
They are solid at common temperatures, and, when rubbed, 
show signs of electrical excitement. Their colors are yel 
low, reddish, and white, and most of them are translucent, 
or transparent. 

The resins are soluble in alcohol, ether, and the essentia] 



What Bie the resinst la what liquids are the renna aoluble 1 
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oils, but are precipitated by water, in which they are entirely 
insoluble. They are dissolved, and at the same time decom- 
posed, by the sulphuric acid, with evolution of sulphuric acid 
e^s, and the deposition of charcoal. 

The principal resins are, common resin, gum copal, lac, 
mastic, elemi, and dragon's blood. Common resin, called 
rosin, is what remains «3ler the distillation of spirit of turpen- 
tine. ' The turpentine itself is obtained by making incisions 
in the fir tree, from which it exudes. Tms consists of resin, 
and the oil of turpentine, which are separated by distillation. 

The use of many of the resins are well known. Sealing 
wax is made of lac, turpentine, and common resin. Copal 
and elemi, when dissolved in spirit of turpentine, or alcohol, 
form varnishes. • 

Fermentation. 

Fermentation consists in a spontaneous exercise of chemi- 
cal affinity, in a vegetable substance, or solution, in conse- 
quence of which its properties are materially or totally 
changed. 

There are several kinds of fermentation, the names of which 
indicate the products formed. These are, the saccharine, the 
vinous, the acetic, and the putrefactive, i 

The product of the first, is sugar; that of the second, wine; 
that of the third; vinegar;] while the fourth results in the total 
decomposition or ail vegetable matter, and the destruction of 
every useful product 

Saccharine Fermentation. The germination of seeds, and 
the malting of barley, are instances of the saccharine fermen- 
tation, the farinaceous being converted into saccharine toblU 
ter, or sugar. 

Vinous Fermentation. This, by the generality of mankind, 
is considered the most important of all fermentations, since, 
from the days of Noah and Alexander to the present time, 
its product has been employed, either to heighten the plea- 
sures, or as an antidote to the cares of this poor life. 

Wine, as well as other intoxicating liquors, are produced 
only by the vinous fermentation ; a process by which alcohol 
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is fonned. There are four conditions necessary to the suc- 
cess of this process. Thes^are, the presence of water, sugar, 
and yeast, in mixture, and a temperature hetween 60 and 70 
degrees. Or, instead of yeast and sugar, saccharine matter, 
and starch, or the sweet juices of fruits. These conditions, 
being united, there succeeds a brisk intestine motion, attend- 
ed with the escape of*carbonic acid gas^ in abundance, and at 
the same time the transparency of the fluid is diminished by 
the rising of opaque filaments, the whole being attended with 
an elevation of temperature. When these phenomena cease, 
the liquor is found to have lost its sweet, mucilaginous taste, 
and to have acquired some degree of acidity, with a brisk» pe- 
netrating flavor, and the power of producing intoxication. 

In respect to the chemical changes which take place da- 
ring this process, it is found that after the fermentation, the 
sugar has entirely disappeared, and that 'it is replaced by a 
quantity of alcohol, none of which existed in the liquid before 
the process. Hence sugar is converted into alcohol by the 
vinous fermentation. ' But the weight of the alcohol is never 
equal to the weight of sugar employed, by nearly one half 
This loss is accounted for by the escape of the carbon and 
oxygen of the sugar, in the form of carbonic acid. When the 
process is conducted in such a manner that the quantity of 
carbonic acid can be retained and weighed, it is found to cor- 
respond precisely with the loss of the alcohol ; that is, the 
combined weight of the acid and alcohol are equal to that of 
the sugar. This may be made apparent thus : Sugar and 
alcohol are composed of 

Sugar. Alcohot 

3 proportions of carbon 18 2 prop, carbon 12 
3 do. of hydrogen 3 3 do. hydrogen 3 
3 do. of oxygen 24 1 do. oxygen 8 

45 23 

This shows a loss of one proportion of carbon and two 
proportions of oxygen from the sugar, the alcohol contain- 
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iiig only two parts of carbon and one of oxygen, while the 
sugar contdined three of carbon and three of oxygen, the pro- 
portion of hydrogen being the same in both. The difference 
between the number for sugar and that for alcohol is there- 
fore 22. Now we have seen that carbonic acid is composed 
of one proportion or atom of carbon 6, and two proportions 
or atoms of oxygen 16, and these two numbers make the 
precise quantity of carbon and oxygen lost by the sugar, and 
which is not contained in the alcohol. Therefore, 45 parts 
of sugar produce by fermentation, 23 parts of alcohol, which 
is found in the fermented liquor, and 22 parts of carbonic 
acid gas, which escape. 

This investigation, while it afibrds a beautiful illustration 
of the doctrine of definite proportions, demonstrates that 
nothing is lost by a new arrangement, or interchange of ele- 
ments. 

It is believed, that the vinous fermentation never takes 
place without the presence of sugar, the elements of this 
ingredient, as shown above, furnishing by decomposition 
those of the alcohol. In cases where substances which con- 
tain no sugar are known to produce alcohol without the Ad- 
dition of this ingredient, the process is explained by the sup- 
position that the starch which these substances contain, is 
converted into sugar by the saccharine fermentation. It is 
well known that potatoes, which contain little, or no sugar, 
yield a large quantity of alcohol by fermentation. But po- 
tatoes contain a large proportion of starch, which entirely 
disappears during the process, being first converted into su- 
gar, and then into alcohol 

Alcohol. 

When a liquor which has passed through the vinous fer- 
mentation i^ distilled, there rises from it a fluid, having much 
more highly intoxicating powers than the fermented liquor 
from which it is obtained. This liquor has a sharp penetra- 
ting taste, and retains the flavor and od#r of the fermented 
liquor, from which it is distilled. The fluid so obtained is 
alcohol mixed with water, and containing a portion of the 
essential oil peculiar to the vegetable which formed the fer- 
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mentatfye solution, and which, gives it a flavor. ; Thus, brandy, 
rumt and whiskey, have each a flavor of their own, which 
arises from this circumstsmce. These are called spirituous 
liquors. 

When a spirituous liquor is distilled, the alcohol is obtained 
in a state of much greater purity, the oil which it contained 
and most of the water being left in the retort, or still. In 
this state it is colorless, highly inflammable, produces cold 
by evaporation, and occasions a considerable augmentation 
of temperature by admixture with water. 

Common alcohol contains a portion of water, and has a 
specific gravity of from 850 to 875, water being 1 000. It may 
be further purified, or freed from water, by adding to it warm 
carbonate of potash, or muriate of lime, which combines with 
the water, and sinks to the bottom of the vessel, after which 
the alcohol maybe poured off! • Veryj)ure alcohol may also 
be procured, by putting it intd a bladder, which being sus- 
pended in a warm place, the water will slowly pass through 
the coats, while the pure alcohol is retained. The strongest 
alcohol which can be procured by either of these methods, 
hA a specific gravity of 800, or 796, at the temperature of 
60 degrees. 

IMre alcohol has never "been frozen, though exposed to the 
lowest temperature which art has ever produced. ; It is a 
powerful solvent, being capable of dissolving camphor, resins, 
soap, volatile oils, sugar, balsam, &c. 

Pure alcohol has precisely the same properties, from what- 
ever substances it is obtained. 

Ether. 

The name ether was originally applied to a highly fragrant 
and volatile liquid, obtained by the distillation of alcohol 
with sulphuric acid. But it has been found that the same 
substance, when distilled with other acids, affords a liquid 
possessing in some respects similar properties, and therefore 
these compounds are now distinguished by prefixing the 
name of the acid employed. 
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Stdphuric Ether. To make sulphuric ether, pour into a 
tubulated retort a certain quantity of alcohol by weight, and 
add, in small portions at a time, the same weight of strong 
sulphuric acid, allowing the miillre to cool after each addi- 
tion. Then connect the retort with a receiver, and, by means 
of a lamp, make the mixture boil. The receiver must be kept 
cold by the application of ice, or wet cloths. The ether will 
pass over and be condensed in the receiver. The ether thus 
obtained, contains a portion of alcohol, and commonly a 
little sulphuric acid, from which it is purified by agitation 
with potash, and redistillation. 

In respect to the chemical changes which take place be- 
tween the alcohol and acid, to form the new product ether, 
it is found, on analysis, that the latter substance is composed 
of two proportions of olefiant gas, and one proportion of 
water. The number for olefiant gas being 14, and that for 
water being 9, the equivalent number for ether is 37. 

Now olefiant gas consists of 2 atoms of carbon 12, and 2 
atoms of hydrogen 2=14, to which 1 atom of water 9, being 
added, makes the composition of ether. 

Alcohol is composed of, or contains the elements of, 1 atom 
of olefiant gas, and 1 atom of water, and therefore alcohol 
contains double the proportion of water that ether does. 
Now if 1 proportion or atom of water be abstracted from two 
of alcohol, the exact proportions constituting ether will re- 
main. Thus, the number for alcohol being 23, double this 
number is 46, from which one atom of water, 9, being taken, 
there remains 37, the number representing ether. It will 
be seen, on comparing these several numbers, that they ex- 
actly correspond with the constituents above named, and it 
is supposed that this is the precise mode in which sulphuric 
acid operates to convert alcohol into eth^. In consequence 
of the affinity of sulphuric acid for water, it abstracts one 
atom of that fluid from the alcohol, and thus the elements of 
ether remain. 

Sulphuric ether is a light, odorous, transparent fluid, of a 
hot and pungent taste. Its specific gravity, when most pure, 
is about 700, water being 1000 ; but that of the shops is 740, 
or 750, owing to the presence of alcohol. When exposed to 
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the open air, it evaporates with great rapidity, and occasions 
an intense degree of cold. This is in consequence of the 
principle already explained, that when a -substance passes 
nrom a denser to a rarer st^e, caloric is absorbed. 

Ether is exceedingly combustible, and bums with a blue 
flame, the product of its combustion being water and car- 
bonic acid. . 

Ether is employed as a medicine in nervous fevers, and as 
a solvent in the arts. When pure, or when that of the shops 
is agitated with water, and, after standing a while, is poured 
off, it is a solvent of India rubber, one of the most insoluble 
of vegetable products. 

Nitrous Ether is prepared by distilling alcohol with nitric 
acid, in a manner similar to that described for sulphuric 
ether, to which its leading properties are similar.) It is, how- 
ever, still more volatile, and is subject to decomposition by 
keeping. 

Vegetable Alkalies, 

Potash and soda were formerly called vegetable alkalies, 
in order to mark their origin, and to distinguish them from 
the other alkaline substances. These alkalies, as stated in 
their proper places, are obtained chiefly by the incineration 
of land and sea plants, though they both exist ready formed 
by nature. They are found to be metallic oxides, and have 
been described under the names of oxide of potassium and 
oxide of sodium. . The vegetable alkalies now to be descri- 
bed, are strictly vegetable products, and are obtained, not hy 
incineration, but ihy the digestion, or maceration, of certain 
vegetable substances in water. 

The following is an outline of the method by which they 
are obtained. In the first place, the substance containing 
the alkali is digested in a large quantity of very pure water, 
which dissolves the salt, the base of which is the alkali. 
On adding some salifiable base, such as potash, or ammonia, 
which has a strong aflinity for the acid of the vegetable salt, 
in the watery solution, this salt is decomposed, its acid com- 
bining with the potash, or ammonia, and thus leaving the 
vegetable alkali in the solution. This being insoluble, while 
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the new salt is soluble in water, is collected and washed on . 
a filter. • The vegetable alkali thus obtained, is however im- 
pure, and requires to be dissolved in alcohol, with the addi- 
tion of some animal charcoal, which deprives it of its color, 
— ^then filtered, and the alcohol evaporated, when the pure 
alkali will be obtained. 

The most important vegetable alkalies are. Morphia, Cin- 
chonia, and Quinia. 

Morphia, 

Morphia is the narcotic principle of opium. Opium, be- 
sides morphia, contains meconic acid, narcotine, gum, resin- 
OILS, extractive, and colouring .matter, and a small quantity of 
caoutchouc, or India rubber. ^ 

Morphia exists in the opium, combined with meconic acid, 
forming meconate of morphia. To obtain it, therefore, it is 
necessary to decompose this salt, by which the morphia is li- 
berated, and afterwards obtained by the evaporation of some 
fluid in which it is soluble. 

I This is done by boiling a solution of opium in water, with 
magnesia, by which the meconate of morphia is decomposed, 
and a meconate of magnesia is formed, The morphia being 
thus precipitated, is obtained in an impure state by filtration, 
and afterwards purified by solution in alcohol. On evapo- 
rating the alcohol, the pure alkali is deposited in crystals. 

Pure morphia occurs in small rectangular white prisms, 
of considerable lustre. It is insoluble in water, but alcohol, 
especially by the aid of heat, dissolves it freely. In its pure 
state, this substance is nearly tasteless, owing to its insolubi- 
lity in water, but when it is rendered solubfo by combining 
with an acid, or when dissolved in alcohol, it is intensely bit- 
ter. From the same cause, in its pure and solid state, mor- 
phia is nearly inert on the living system, Orfila having given 
twelve grains to a dog, without any sensible effects. Chi the 
contrary, when in a state of solution, it acts on the system 
with great energy, Orfila having seen alarming effects from 
half a grain. 
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The best method of using morphia in medicine, is to tbrm 
with it an acetate, or a citrate, both of which are soluble in 
water, and alcohol. In either of these states, it is g-iven in 
those cases where opiates are required, and it produces all 
the soothing effects of opium, without the disagreeable conse- 
quences which often follow the administration of that drug*. 

Narcotine. This substance, though not an alkali, is con 
tained in opium, and is therefore properly noticed here. 

. Narcotine is obtained by digesting opium in water, and 
evaporating the solution to the consistence of extract, and 
then digesting this with sulphuric ether. The water, as shown 
above, will hold in solution meconate of morphia, as well as 
narcotine, but the meconate is insoluble in ether, which only 
takes up the narcotine. On evaporation, the ether so treated 
will deposit small particles of narcotine. 

This substance is little soluble in water, either cold or hot, 
but dissolves in oil and alcohol. 

The unpleasant properties of opium as a medicine, are at- 
tributed to this substance, and perhaps the different effects of 
the salts of morphia from opium, are only owing to their not 
containing narcotine. 

Cinchonia and Quinia. 

It has been fully established, that the efficacy of cinchonia, 
or Peruvian bark, in the cure of fevers, resides in the alka- 
lies, called cinchonia and quinia. These two principles, 
though quite analogous in many respects, are distinct sub- 
stances, and appear to bear the same relation to each other 
as potash and soda. Cinchonia exists in the pale bark, quinia 
in the yeDovv, and both are present in the red bark.. 

They are obtained from these substances by a process 
similar to that already described for separating morphia from 
opium. 

Cinchonia appears in white crystalline grains, which are 
nearly insoluble in water, but which are readily taken up by 
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boiling alcohol. • \Its alkaline properties are well marked by- 
its power of neutralizing acids. \^It forms nitrates, muriates, 
sulphates, acetates, &c.. all of which are soluble in water. 

Quintals a white, porous substance, of a flocculent ap- 
pearance. , It does not, like cinchonia, form crystals. It is 
also nearly insoluble in water, but dissolves freely in alcohol, 
affording an intensely bitter solution. Like cinchonia, it has 
strong alkaline powers, and forms salts with the several 
acids. Its febrifuge effects are much more decisive than 
those of cinchonia, and it is now extensively employed in the 
practice of medicine^ in the form of the sulphate of quinia. , 

I This salt crystallizes in delicate white needles. It contains 
90 parts of the quinia combined with 10 of the acid. \ 

The composition of cinchonia and quinia is thus stated by 
Pelleticr and Dumas. 

Cinchonia. Qainia. 

Carbon 76.97 Carbon 74.14 

Oxygen 7.97 Oxygen 6.77 

Hydrogen 6.22 Hydrogen 8.80 

Nitrogen 9.02 Nitrogen 10.76 

100.18 100.47 

The composition of these alkalies, therefore, consist of the 
^ome elements, and nearly in the same proportions. 

ANIMAL CHEMISTRY. 

•In relation to chemistry, the circumstance^ which distin- 
guish animal from vegetable substances, are^e large quan- 
tity of nitrogen which the former always contain, their strong 
tendency to putrefaction, and the offensive products which 
they exnale during decomposition. 

Animal substances are essentially composed of [carbon, 
hydrogen, oxygen, and nitrogei^ and in addition to these, 
they sometimes contain sulphur, phosphorus, iron, and small 
quantities of saline matter. 

Fibrin. — The lean parts of animals consist chiefly of fibrin. 
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* This may be separated and observed in its pure state, by re- 
moving the soluble parts of lean beef, cut into small pieces, 
by repeated washing, and digestion in cold watey'. 

JFibrin thus obtained, is nearly white, and is insipid and 
inodorous^ It readily passes into the putrefactive fermenta- 
tion, but in thin pieces, suspended in a dry place, its fluid 
parts evaporate, and it becomes hard, brittle, and translucent 

Alcohol converts fibrin into a fatty substance, which is so- 
luble in the same fluid and in ether, but is precipitated by the 
addition of water. This substance is decomposed by all the 
strong acids, and is dissolved by caustic potash. 

Fibrin is composed of 18 parts of carbon, 14 of hydrog-en, 
5 of oxygen, and 3 of nitrogen! 

Albumen, — Albumen enters largely into the composition of 
animals. Their solid, as well as fluid parts, contain it in 
greater or less proportion. vJLiquid albumen is nearly pure 
in the whites of egg;k Its appearance, and many of its pro- 
perties, in this state, are well known, ([t^is coagulated, and 
converted into a soft solid, by heat, by alcohol, and by the 
stronger acidi;. l^he character of being(coagulated by head 
distinguishes albumen from all other animal fluids. It is coni- 
pletely soluble in cold water, and it is said that when this fluid 
contains only ^wwtf P^^^ ^^ albumen, it becomes opalescent by 
boiling. On this property is founded the clarifying effects 
of albumen. [As it coagulates, by the heat of the water, it 
entangles any insoluble particles the fluid contains, and rises 
with them to the surface. i 

Gelatine. — This substance forms a proportion of all the 
solid parts of animals, and is particularly abundant inHhe skin, 
tendons, membranes, and bones^ It is soluble in boiling water, 
and forms a bulky, semi-transparent, tremulous mass, when 
cold. By evaporation, it becomes a solid, brittle, hard, and 
semi-transparent substance, known in commerce and the arts, 
under the name of glue.. This is chiefly prepared froni the 
cuttings of skins, and the ears and hoofs of animals. Isin- 
glass, which is the purest variety of gelatine, is prepared from 
certain parts of fish, and especially the sturgeon) The gela- 
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tine called calves foot jelly, is prepared by boiling the feet of 
that animal in water. 

Gelatine is precipitated by(tanni^. This- is so delicate a 
test for gelatine, that it is said, an infusion of nut galls, which 
contains a large quantity of tannin, will show the presence 
of gelatine when mixed with 5000 times its weight of water. 

The three ingredients, fibrin, albumen, and gelatine, form 
the most bulky parts of all animals, that is, (he flesh, tendons 
cartilages, and ski^ 

Oleaginous Substances. 

The fat of animals is very analogous, in its composition 
and proportions, to the fixed, vegetable oils, its ultimate prin- 
ciples being\carbon, hydrogen, and nitrogeii"l 

There is a considerable variety in the appearance and 
qualities of the fatty principle contained in different animals. 
The solid fat of land a nimbus is called tallow, while the cor- 
responding substance from fish, which is fluid at common 
temperatures, is called oil. 

All these substances agree very nearly in respect to com- 
position, the principal difference being in respectQo form and 
appearance} Their uses, for making soap, giving light, &c. 
are well known. 

Blood. 

The blood of animals obviously consists of two parts, called 
serum and crassamentum. In healthy blood, these two parts se- 
parate spontaneously on standing. The crassamentum coagu- 
lates, and forms a red, solid mass, while the serum surrounds 
it, in form of a yellowish fluid, 

The serum contains a small quantity of soda in a free state, 
and is 29 parts in 1000 heavier than water. It consists, in 
part, of albumen, and is coagulated by heat, acids, and alco- 
hol. The crassamentum consists of two parts, the fibrin and 
the colouring matter. The fibrin does not differ, except in 
form, from that obtained from lean flesh, which has already 
been described. 
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^he coloring matter of the blood consists of distinct per- 
ticles, which in birds and cold-blooded animals, are elliptical 
in form, l?ut in man and other mammiferous animals, they are 
globular- These facts have been acsertained by means of 
the microscope. The globules are insoluble in the serum, 
but their color is dissolved by water acids, and alcohol. 

It has been suppossed that the crassamentum contained a 
portion of iron, but recent analysis has shAwn that this metal 
does not belong to the crassamentum as a whole, but only to 
the coloring matter ; for when the fibrin is carefully sepa- 
rated from the coloring principle, it does not contain a 
trace of iron, while iron is always found in the red glo- 
bules. 

From the presence of iron in the globules, and its total 
absence in the other parts of the blood, it is inferred that the 
red color of the globules depend on the presence of this 
metal, though its quantity is fou^d to be only (Jialf a grain to 
a hundred grains of the globulus;,) 

It is found that during the coagulation of blood, heat is 
evolved, and consequently its temperature is raised; This 
is owing to its passage from a rarer to a denser state, in con- 
sequence of which its capacity for caloric is diminished. 
We have had frequent occasions to refer to this principle. 
The increase of temperature from this cause, is however 
very slight, perhaps not more than two or three degrees, but 
its cooling is considerably retarded by the caloric thus 
evolved. 

The blood presents several phenomena, which neither the 
principles of cheraisty nor physiology have been able to ex- 
plain. The cause of its coagulation, for instancCj'^as never 
been satisfactorily accounted foj} It does not arise for want 
of heat or motion, for if blood be drawn when the tempe- 
rature of the air is equal to that of the animal from which it is 
taken, and then kept constantly in motion, its coagulation 
is not prevented, or even retarded. Indeed, neither mod- 
erate heat, nor cold, a vacuum, nor pressure, nor even di- 
lution with wBter, seem to have any influence on the coagu- 
lation of the blood. On the contrary, its coagulation is pre- 
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v^ted by certain causes, the efi*ects of which could not be 
supposed to influence this circumstance Thus, the blood 
of persons who have been destroyed by some kinds of poison, 
and by mental emotions, has been found uncoagulatcd, and in 
a fluid state. How causes so unlike should produce the 
same eflects, or why either of them should aflect the blood 
at all, are equally unknown. 

Respiration. 

'Respiration is the act of breathing, and consists in th6 
alternate drawing into, and throwing out of the lungs, a 
quantity of atmospheric air/ And it appears that this pro- 
cess, or an equivalent one, 'is necessary to support the lives 
of all animals. 

The atmosphere, as formerly shown, is composed^ of 86 
parts of nitrogen, and 20 parts of oxygen, and it is found by 
experiment, that no other gaseous compound can be substi- 
tuted for respiration, ^r can these proportions be varied with*- 
out injury to its qualiites.^ t 

The immediate effect of respiration. Ha to produce a 
change in the color of the blood as it passes through thc5 
lungsjthus indicating that it suffers some change in its pro- 
perties at the same time. 

The necessity of respiration to all warm blooded animals 
:,requires no proof; and the necessity that the blood should 
be brought into contact with the air inspired, is equally ob- 
vious from the organization of their lungs. 

Such animals are provided with two kinds or classes of 
blood vessels, calledl veins and arteries"., 

The arteries, particularly the large ones, are deeply seat- 
ed within the animal, and convey the blood to all parts of the 
livinff system. The veins, on the contrary, especially the 
small ones, are situated near the surface, and are destined 
to tonve V the blood back to the heart, which had been thrown 
out by the arteries. 
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But besides these two great systems of blood vessels, 
there is another system called the pulmoTiary, 4^hlch is des- 
tined expressly to convey the blood to the lung^ where it 
undergoes the change above mentioned, and then back 
ag^in to the heart. 

The entire circulation will now be readily understood. — 
The blood being thrown to all parts of the body, is returned 
to the right side of the heart by the great system of veins. 
From the right side of the heart it is sent to the lungs, by 
the pulmonary artery, and being there changed into arterial 
blood, is returned by the pulmonary veins to the left side of 
the heart. From the (left sidd of the heart, it is thrown to 
all parts of the body by the great system of arteries, to be 
returned to the right side by the veins, as before. 

When venous blood, fresh drawn, is suffered to stand a 
few minutes in a confined portion of atmospheric air, it is 
found that the air loses a part of its oxygen, which is re- 
placed by the same volume of carbonic acid gas, and at the 
same time the color of the blood, from being of a dark pur- 
ple, becomes florid redj^ This is the same change of colot 
which the blood undergoes in its passages through the Mngs^ 
The cause of the change in the lungs might therefore Kb 
inferred to be the absorption of oxygen by the blood, and the 
subsequent emission of carbonic acid^ 

That this change of colour in venous blood, when out of 
the lungs, is owing to the contact of oxygen, is shown by 
the more immediate production of the same effect when 
oxygen is substituted for atmospheric air, and also by the 
feict that no change of color is produced when the oxygen 
is entirely excluded. Hence the inevitable conclusion, that 
(resh drawn venous blood emits a quantity of carbon in con- 
sequence of its coming in contact with oxygen, and that its 
change of color is caused by this emission. 

The same change thus proved to take place in the atmos- 
phere, is constantly going on in the. lungs. The venous 
olood, which, as above explained, is sent to the lungs through 
the pulmonary artery,'- is charged with carbon, to which it 
■ ■■ ■^' — ■ 
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owes its dark colo^. The oxya§:en of the £ttrfl(j»l»;*y m- 
spiration, fills all the air vessels of tKe. lungSTand is thus 
brought nearly into contact with the* blood, being separated 
from it only by the thinnest membrane. 
/ It appears that through this membrane, the oxygen of the 
annosphere is absorbed, and having combined with a portion 
of the carbon of the blood, it is again emitted in the form of 
carbonic acid gas, and to this process is owing the change 
from venous to arterial bloodl 

In proof ^f this, experiment shows that when any living 
animal is confined in a portion of air containing a known 
quantity of oxygen gas, the oxygen gradually disappears, 
and is replaced by the same quantity of carbonic acid. In 
ordinary respiration, the air from our lungs always contains 
a portion of carbonic acid. This is proved by merely blow- 
ing into a glass vessel containing a solution of lime in water, 
or what is commonly called lime water^ when the clear water 
will instantly become turbid, because the carbonic acid from 
the lungs unites with the lime of the water, and forms an in- 
spluble carbonate. 

( It does not appear that the oxygen is absorbed, and retain- 
ed by the blood, for the absolute quantity of air, though 
many times respired by a confined animal, remains the same. 
(This also proves that the nitrogen of the atmosphere is not 
absorbed: It is well known by experiment, that the conver- 
sion of oxygen gas into carbonic acid, does not in the least 
change its volume, but only adds to its weight. This ac- 
counts for the reason why the volume of air is not changed 
by respiration, or by convertion into carbonic acid, provided 
no absorption take place. 

Thus the change from venous to arterial blood, seems to be 
produced entirely by the loss of carbon, which -the former 
suflfers while passing through the lungs. 

It appears also, from numerous experiments, that not only 
warm blooded animals, but also fish, and cold blooded reptiles 
of the lowest order, absolutely require the presence of 
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oxygen Aoi^er to sustain life. ^ Water, it has already been 
stated, always contains a portioii'of this gas in a free state, and 
although the quantity is small, it is sufficient to sustain the lives 
of its inhabitants. That fish, frogs, and other animals of this 
kind, cannot sustain life without oxygen gas; is proved by the 
feet, that they die in a short time, if the wat^r in which they 
are placed is covered with a film of oil, so that no oxygen is 
admitted. Frogs, though capable of suspending their respira- 
' tion for a long time, die in less than an hour, if the snoall 
quantity of water in which they are confined is c^ered with 
oil. Aquatic insects and worms exhibit the same phenome- 
na when treated in the same manner. In these cases, ex- 
periment has shown that oxygen is converted into carbonic 
acid, the effect being the same as that produced by the re- 
spiration of v/arm blooded animals. 

Indeed, the experiments of Spallanzani prove that ani- 
'mals produce this change by the action of their skin. Thus^ 
serpents, lizards, and frogs, during their torpid state, and 
when their respiration is suspended, still require small por- 
tions of oxygen, which they constantly convert into carbonic 
acid by means of their skin, and it is probable, that in this 
manner, the blood of thesS animals parts with a little car- 
toon. 

Ammal Heat 

During combustion there is an absorption of oxygen, and 
a subsequent emission of carbonic acid gas, and in the act of 
respiration, oxvgen disappears, and is replaced by the same 
acid gas. Combustion and respiration are therefore sup- 
ported by the same principle, and yield the same product. 

This analogy led Dr. Black to conclude that the changes 
which take place on the air, and on the blood in the lungs, 

* was the cause of animal temperature ; and several circum- 
stances relative to the structure of animals and the quantity 
of oxygen, they xjonsume by respiration, seem to show that 
the heat of their blood depends, in a measure at least, on the 
Quantity of this principle thus consumed. Animals having 
tne power to maintain their temperatures above the media 
in which they live, are provided with capacious lungs, and 

• consume large quantities of oxygen. Birds, the temperature 
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of whose blood is higher than that of man, and c|ua^ruped^ 
have lungs still more capacious, according to their size, and 
consequently, most probably consume more vital air. On 
the contrary, fish, frogs, and other animal of this tribes 
which consume only very minute portions of oxygen, do not, 
sustain their temperature above the media in which they 
live. 

It appears also, that the temperature of an animal, when 
made to respire pure oxygen gas, is raised above the natural 
standard, bgt Avnen the quantity of this gas consumed is 
small, the temperature of the animal falls, and the circula* 
tion of the blood is sluggish and languid. 
" From these considerations, it would appear that the heat 
of the animal is sustained by its respiration, and that its 
temperature is proportionate, in some degree, to the quantity 
of oxygen it consumes, or converts into carbonic acid. 

Dr. Crawford, pursuing this idea, supposed that the car- 
bonic acid discharged by the breath, being generated in the 
lungs, and accompanied with the loss of oxygen, extricated 
heat during its formation, and that the temperature of the 
animal might thus be explained. But as the heat of tho 
lungs was found to be no greater than that of other internal 
parts, there must be some mode of accounting for its dis* 
tribution to other parts of the system, otherwise this 
theory could not for a moment be supported. It is ob- 
irious that, in whatever manner this distribution is effected, 
the heat must be latent, or insensible; for supposing it to be 
in a free state, the lungs, or part where it is generated, 
would still be at a higher temperature than the parts ta 
which it is distributed. 

Accordingly, on comparing the capacities of venous and 
arterial blood* for heat. Dr. Crawford found, that arterial 
blood had. the greatest capacity, and therefore, that at the 
same temperature, it contained a quantity of latent heat, 
which the venous blood did not. He therefore supposed 
that this latent heat was conveyed by the arterial blood, to 
all parts of the system, and as the arterial is gradually con- 
verted into venous blood, so the latent heat gradually bo- 
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oame sensible, in all parts of the system, and that in this 
riianner, animal temperature is maintained. 

This beautiful theory was supposed to be founded on the 
true principles of chemistry and physiology, and being so 
received, it accounts very satisfactorily for animal tempera- 
ture. But Dr. Davy has since shown that the principal ^elcI 
on which it is founded, the difference of the capacities of ve- 
nous and arterial blood for heat, is not true, but that in this 
respect there is little or no difference between the two kinds 
of blood. « 

If Dr. Davy has maintained the truth, it is obvious that Dr. 
Crawford's theory must fall to the ground. 

Although the facts stated above, in respect to the capacity 
of the lungst, in warm blooded animals, and the quantity of 
oxygen which they consume, when compared with cold 
blooded animals, would seem to show almost beyond a doubt, 
that animal temperature is connected with the quantity of 
oxygen (consumed, and the changes which the blood under- 
goes in the lungs ; still some physiologists deny the agency 
of either of these causes in^producing such effects, and as- 
cribe the evolution of animal heat entirely to the influence of 
the nervous system. 

The foundation of this doctrine, is an experiment of Mr. 
Brodie, who found th^t on keeping up an artificial respira- 
tion in the lungs of a decapitated animal, the colour of the 
blood was changed from purple to red, and carbonic acid emit- 
ted as usual ; but that this animal grew cold more rapidly than 
another decapitated animal of the same kind which lay un- 
touched, v It is obvions that this result would follow unless 
heat was evolved by the artificial respiration, because the 
air forced into the lungs would abstract the heat of the ani- 
mal. 

"Were these experiments rigidly exact, says Dr. Turner, 
they would lead to the opinion that no caloric is evolved by 
the mere process of arterialization. This inference cannoL 
however, be admitted, for two reasons : — First, because 
other physiologists, in repeating the experiments of Brodie^ 
have found that the process of cooling is retarded by artifi- 
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eial respiration ; and, secondly, because it is difficult to con- 
ceive why the formation of carbonic acid, which uniformly 
gives rise to increase of temperature in other cases, should 
not be attended within the animal body with similar results. 
It may hence be inferr^, that this is one of the sources of 
animal heat." 

In respect to the influence of the nervous system over the 
development of animal temperature, there is no doubt but 
considerable effects may be safely attributed to this cause. 
But in what manner the heat is evolved, is perhaps uncer- 
tain. 

In conclusion, we may remark, that the subject of animal 
temperature has excited the attention, and has been made an 
object of experiment and research among philosophers and 
physiologists in all ages, and that many ingenious and some 
plausible theories have been invented and detailed, in order 
to give satisfactory explanation of its cause. The theory 
of Dr. Crawford, among these, was perhaps the most plausi- 
ble, and certainly the most philosophical and beautiful. But 
we have seen, that the leading facts on which it was found- 
ed, have been proved by his successors not to be true, and 
therefore the theory itself cannot be maintained. That the 
oxygen of the atmosphere is one of the causes of animal heat 
cannot be doubted, from the facts, that no animal can live 
without it, and that the heat of animals is in some propor- 
tion to the quantity of this principle consumed. 

But as this principle cati have no effect, except through 
the lungs, if it is admitted that heat is evolved by its action 
there, there is still much difficulty in explaining either why 
the lungs are not constantly at a higher temperature than the 
other parts of the system, or if they were, how the heat could 
be conveyed to the other parts, from its fountain. 

On the whole, it appears that the cause of animal heat is 
one of the arcana of nature, into which man has not yet been 
permitted to look, and therefore, we must be contented at 
present to attribute it to the vital principle. 
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PART IV. 

ANALYTICAL CHEMISTRY. 

To enter into a detailed account of experimental and ana 
lytical chemistry, is altogether inconsistent with the design 
and limits of the present work. My sole object in this de- 
partment is to give a few concise directions for cotiducting 
some of the more common analytical processes ; and in or- 
der to render them more generally useful, I shall give exam 
pies of the analysis of mixed gases, of minerals, and of mine- 
ral waters. 

ANALYSIS OF MIXED GASES. 

Analysis of air ^ or of gaseous mixtures containing oxygen 
Of the various processes by which oxygen gas may be with- 
drawn from gaseous mixtures, and its quantity determined, 
none are so convenient and precise as the method by means 
of hydrogen gas. In performing this analysis, a portion of 
atmospheric air is carefully measured in a graduated tube, 
and mixed with a quantity of hydrogen, which is rather more 
than sufficient for uniting with all the oxygen present. The 
mixture is then introduced into a strong glass tube called Vol- 
ta's eudiometer, and is inflamed by the electric spark, the 
aperture of the lube being closed by the thumb at the mo- 
ment of detonation. The total diminution in volume, divided 
by three, indicates the quantity of oxygen originally contain 
ed in the mixture. This operation may be performed in a 
trough either of water or mercury. 

Instead of electricity, spongy platinum (page 126) may be 
employed for causing the union of oxygen and hydrogen 
gases ; and, while its indications are very precise, it has the 
advantage of producing the effect gradually and without de- 
tonation. The most convenient mode of employing it with 
this intention is the following. A mixutre of spongy plati- 
num and pipe-clay, in the proportion of about three parts of 
the former to one of the latter, is made into a paste with 
water, and then rolled between the fingers into a globular 
form. In order to preserve the spongy texture of the plati- 
num, a little muriate of ammonia is mixed yvith the paste ; and 
when the ball has become dry, it is cautiously ignited at the 
flame of a spirit-lamp. The sal-ammoniac, escaping from 
all parts of the mass, gives it a degree of porosity which is 
peculiarly favorable to its action. The ball, thus prepared, 
should be protected from dust, and be heated to reoness just 
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before being useci. To insure accuracy, the hydrogen em* 
ployed should be kept over mercury for a few hours in con- 
tact with a spongy platinumball and a piece of caustic pot- 
ash. The first deprives it of traces of oxygen which it 
commonly contains, and the second of moisture and sulphu- 
retted hydrogen. The analysis must be performed in a mer- 
curial trough. The time required for completely removing 
the oxygen depends on the diameter of the tube. If the 
mixture is contained in a very narrow tube, the diminution 
does not arrive at its full extent in less than twenty minutes 
or half an hour ; while in a vessel of an inch in diameter 
the effect is complete in the course of five minutes. 

Mode of determining the quantity of nitrogen in gaseous 
mixtures. — As atmospheric air, which has been deprived of 
moisture and carbonic acid, consists of oxygen, and nitrogen 
only, the proportion of the latter is of course known as soon 
as that of the former is determined. The only method, in- 
deed, by which chemists are enabled to estimate the quantity . 
of this gas, is by withdrawing the other gaseous substances 
with which the nitrogen is mixed. 

Mode of determining the quantky of carbonic acid in gaseous 
mixtures. — When carbonic acid is the only acid gas which 
is present, as happens in amospheric air, in the ultimate 
analysis of organic compounds, and in most other analogous 
researches, the process for determining the quantity of car- 
bonic acid is exceedingly simple ; for it consists merely in 
absorbing that gas by lime water or a solution of caustic po- 
tash. This is easily done in the course of a few minutes in 
an ordinary graduated tube ; or it may be effected almost in- 
stantaneously by agitating the gaseous mixture with the alka- 
line solution in Hope's eudiometer. This apparatus is form- 
ed of two parts ; a bottle capable of containing about twenty 
drachms of fluid, and furnished with a well-ground stopper ; 
and a tube of the capacity of one cubic inch, divided into 
100 equal parts, and accurately fitted by grinding to the neck 
of the bottle. The tube, full of gas, is fixed into the bottle 
previously filled with lime water, and its contents are briskly 
agitated. The stopper is then withdrawn under wBter, when 
a portion of liquid rushes into the tube, supplying the place 
or the gas which has disappeared; and the process is after- 
Mrards repeated, as long as any absorption ensues. 

The eudiometer of Dr. Hope was originally designed for 
analyzing air or other similar mixtures, the bottle being fi Vw) 
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with a solution ot the hydro-sulphuret of potassa or lime, or 
some liquid capable of absorbing oxygen. To the employ- 
ment of this apparatus it has been ol)jected, that the absorp- 
tion is rendered slow by the partial vacuum which is continu- 
ally taking place within it, an inconvenience particularly felt 
towards the close of the process, in consequence of the eudi- 
ometric liquor being diluted by the admission of water. To 
remedy this defect, Dr. Henry has substituted a bottle of elas- 
tic gum for that of glass, by which contrivance no vacuum 
can occur. From the improved method of analyzings air, 
however, this instrument is now rarely employed in audiome- 
try ; but it may be used with advantage for absorbings carbo- 
nic acid of similar gases, and is particularly useful for the 
purpose of demonstration. 

Mode of analyzing mixtures of hydrogen and other iTtflani' 
mable gases. — When hydrogen is mixed with nitrogen, air, or 
other similar gaseous mixtures, its quantity is easily ascer- 
tained by causing it to combine with oxygen either by means 
of platinum sponge or the electric spark. If, instead of hy- 
drogen, any other combustible substance, such as carbonic 
oxide, light carburetted hydrogen, or ojefiant gas, is mixed 
with nitrogen, the analysis ]| easily affected by adding a suf- 
ficient quantity of oxygen, and detonating the mixture by 
electricity. The diminution in volume indicates the quantity 
of hydrogen contained in the gas, and from the carbonic acid, 
which may then be removed by an alkali, the quantity of car- 
bon is inferred. 

When defiant gas is mixed with other inflammable gases; 
its quantity is easily determined by an elegant and simple 
process proposed by Dr. Henry. It consists in mixing 100 
measures, or any convenient quantity of the gaseous mixture, 
with an equal volume of chlorine in a vessel covered with a 
piece of cloth or paper, so as to protect it from light ; and 
after an interval of about ten minutes, the excess of chlorine 
is removed by lime water or potassa. The loss experienced 
by the gas to be analyzed, indicates the exact quantity of ole- 
fiant gas which it had contained. 

In mixtures of hydrogen, carburetted hydrogen, and car- 
bonic oxide, the attalytic process is exceedmgly difficult and 
complicated, and requires all the resources of the most re- 
fined chemical knowledge, and all the address of an experi- 
enced analyst.. The most recent information on this suoject 
will be found in Dr. Henry's Essay in the Philosophical 
Transactions for 1824. 
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As the very extensive nature of this department of analyti- 
cal chemistry renders a selection necessary, I shall confine 
my remarks solely to the analysis of those earthy minerals 
with which the heginner usually commences his labours. The 
most common constituents of these compounds are silica, alu- 
mina, iron, manganese, lime, magnesia, potassa, soda, and 
the carbonic and sulphuric acids ; and I shall, therefore, en- 
deavor to give short directions for determining the quantity of 
each of these substances. 

In attempting to separate two or more fixed principles from 
each other, the first object of the analjrtical chemist is to 
bring them into a state of solution. If they are soluble in 
water, this fluid is preferred to every other menstruum, but 
if not, an acid or any convenient solvent may be emplo3''ed. 
In many instances, liowever, the substance to be analyzed 
resists tne action even of the acids, and in that case, the fol- 
lowing method is adopted : — The compound is first crushed, 
by means of a hammer, or a steel mortar, and is afterwards 
reduced to an impalpable powder in a mortar of agate ; it is 
then intimately mixed with three, four, or more times its 
weight of potassa, soda, baryta, or their carbonates ; and last- 
ly, the mixture is exposed in a crucible of silver or platinum 
to a strong heat. During the operation, the alkali combines 
with one or more of the constituents of the mineral ; and, 
consequently, its elements being disunited, it no longer resists 
the action of the acids. 

Analysis of Marble or Carbonate of Lime. — This analysis 
is easily made by exposing a known quantity of marble, for 
about Kalf an hour, to a full white heat by which means the 
carbonic acid gas is entirely expelled, so that by the loss in 
weight the quantity of each ingredient, supposing the marble 
to have been pure, is at once determined. In order to as- 
certain that the whole loss is owing to the escape of carbonic 
acid, the quality of this gas may be determined by a compa- 
rative analysis. Into a small flask, containing muriatic acid, 
diluted with two or three parts of water, a known quantity o* 
marble is gradually added, the flask being inclined to ona 
Bide in order to prevent the fluid from being flung out of the 
vessel during the effervescence. The diminution in weight 
experienced by the flask and its contents, indicates the quan- 
tity of carbonic acid which has been expelled. 

Should the carbonate suffer a greater loss in the fire than 
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when decomposed by an acid, it will most probably be found 
to contain water. This may be ascertained by heating a 
piece of it to redness, in a glass tube, the sides of which will 
be bedewed with moisture, if water is present. Its quandty 
may be determine d by causing the watery vapour to pass 
through a weighed tube filled with fragments of the chloride 
of calcium, (muriate of lime,) by which the moisture is al> 
sorbed. 

Separation of Lime and Magnesia. — The more commoD 
kinds of carbonate of lime frequently contain traces of sili- 
cious and aluminous earths, in consequence of which, they 
are not completely dissolved in dilute muriatic acid. A very 
frequent source of impurity is the carbonate of magnesia, 
which is often present in such quantity ihat it forms a pecu- 
liar compound called magnedan limestone. The analysis of 
this substance, so far as respects carbonic acid, 's the same as 
that of marble. The separation of the two earths may be con- 
veniently effected in the following manner. The solution of 
the mineral in muriatic acid is evaporated to perfect ^rp.^ 
in a flat dish or capsule of porcelain, and after re-dissolving 
the residuum, in a moderate quantity of distilled water, a soh- 
tion of the oxalate of ammonia is added as long as a precipi- 
tate ensues. The oxalate of lime is then allowed to subside, 
collected on a filter, converted into quicklime by a white heat 
and weighed ; or the oxalate may be decomposed by a red 
heat, the carbonate resolved into the sulpjiate oi lime by sul- 
phuric acid, and the excess of acid expelled by a tempera- 
ture of ignition. To the filtered liquid containing the mag- 
nesia, an excess of carbonate of ammonia, and then phos- 
phate of soda is added, when the magnesia in the form of ih^ 
ammoniaco-phosphate is precipitated. Of this precipitate, 
heated to redness, 100 parts correspond to 40 oi pure zaa^' 
nesia. (Murray.) 

Earthy Sulphates. — The most abundant of the earthy sul- 
phates, is that of lime. The analysis of this compound is 
easijy effected. By boiling it for fifteen or twenty minutes 
with a solution of twice its weight of the carbonate of sofls. 
double decomposition ensues; and the carbonate of tof* 
after being collected on a filter and washed with hot water, is 
either heated to low redness, to expel the water, and w&g^^^ 
or at once reduced to quicklime by a white heat. Of the dry 
carbonate, fifty parts correspond to twenty-eight of hxBj 
The alkaline solution is acidulated with muriatic acid, and 
the sulphuric acid thrown down by the muriate of baiy^ 
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From the sulphate of this earth, collected and dried at a red 
"• heat, the quantity of acid may easily be estimated. 

The method of analyzing Ihe sulphates of strontia and ba- 
ryta is somewhat different. As these salts are difficult of de- 
composition in the moist way, the following process is adopt- 
ed. 'The sulphate, in fine powder, is mixed with three times 
its weight of the carbonate of soda, and the mixture is heat- 
ed to redness in a platina crucible, for the space of half an 
hour. The ignited mass is then digested in hot water, and 
the insoluble earthy carbonate collected on a filter. The oth- 
er parts of the process are the same as the foregoing. 

Mode of analyzing compounds of Silicd, Alumina, and Iron. 
Minerals, thus constituted, are decomposed by an alkaline 
carbonate, potash, or soda, at a red heai, in the same manner 
as the sulphate of baryta. The mixture is afterwards digest- 
ed in dilute muriatic mcid, by which means all the ingredi- 
ents of the mineral, if the decomposition is complete, are 
dissolved. The solution is next evaporated to dryness, the 
heat being carefully regulated towards the close o? the pro- 
cess, in order to prevent any of the chloride of iron, the vol- 
atility of which is considerable, from being dissipated in va- 
por. By this operation, the silica, though previously held in 
solution by the acid, is entirely deprived of its solubility ; so 
that on digesting the dry mass in water, acidulated with mu- 
riatic acid, the alumina and iron are taken up, and the silica 
is left in a state of purity. The siliceous earth, after sub^ 
siding, is collected on a filter, carefully edulcorated, heated 
to redness, and weighed. 

To the clear liquid containing iron and alumina, a consid- 
erable excess of a solution of pure potassa is addecl ; so as 
not only to throw down these oxides, but to dissolve the alu- 
mina. The peroxide of iron is then collected on a filter, edul- 
corated carefully until the washings cease to have an alkaline 
reaction, and is well dried on a sand bath. Of this hydrated 
peroxide, forty-nine parts contain forty of the anhylrous pe- 
roxide of iron. But the most accurate mode of determining 
its quantity is by expelling the water by a red heat. This op- 
eration, however, should bfe done with care ; since any ad- 
hering particles of paper, or other combustible matter, would 
bring the iron into the state of black oxide, a change which 
is known to have occurred by the iron being attracted by a 
magnet. 

To procure the alumina, the liquid in which it is dissolved 
is boiled with sal-ammoniac, when the muriatic acid unites 
29 
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with the potassa, the volatile alkali is dissipated in vapor, and 
the alumina subsides. As soon as the solution is thus render- 
ed neutral, the hydrous alumina is collected on a filter, dried 
by exposure to a white heat, and quickly weighed after remo- 
val from the fire. 

Separation of Iron and Manganese. — A compound of these 
metals or their oxide may be dissolved in muriatic acid. If 
the iron is in a large proportion compared with rhe manga- 
nese, the following process may be adopted w^ith advantage 
To the cold solution, considerably diluted with water, and 
acidulated with muriatic acid, carbonate of soda is gradually 
added, and the liquid is briskly stirred with a glass rod, during 
the effervescence, in order that it mav become highly charged 
with carbonic acid. By neutralizmg the solution in this 
manner, it at length attains a point at which the peroxide o( 
iron is entirely deposited, leaving the liquid colourless ; while 
thj manganese, by aid of the free carbonic acid, is kept in 
solution. The iron, after subsiding, is collected on a filter, 
and its quantity determined in the usual manner. The filter- 
ed liquid is then boiled with an excess of the carbonate of 
soda; and the precipitated carbonate of manganese is col- 
lected, heated to low redness in an open crucible, by '.vhich i% 
is converted into the brown oxide, and weighed. This meth- 
od is one of some delicacy; but in skilfui hands, it affords a 
very accurate result It may also be employed for separating 
iron from magnesia and lime as well as from manganese. 

But if the proportion of iron is small, compared with that of 
manganese, the best mode of separating it is by the succi- 
nate of ammonia or soda, prepared by neutralizing a solution 
of succinc acid with either of those alkalies. That this pro- 
cess should succeed, it is necessary that the iron be wliolly 
in the state of peroxide, that the solution be exactly neutral, 
which may easily be insured, by the cautious use of ammo- 
nia, and tliat the reddish-brown coloured succinate of iron be 
washed with cold water. Of this succinate, well dried at a 
temperature of 212" F., 90 parts correspond to 40 of the per- 
oxide. From the filtered liquid, the manganese may be pre- 
cipitated at a boiling temperature by carbonate. of soda, and 
its quantity determined in the way above mentioned. Tho 
benzoate may be substituted for the succinate of ammonia in 
the preceding process. 

It may be stated as a general rule, that whenever it is in- 
tended to precipitate iron by means of the alkalies, the succi- 
nates, or benzoates, it ia essential that this metal be in th« 
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maximum of oxidation. It is easily brought into this state by 
digestion with a little nitric acid. 

Separation of manganese from lime and magnenia. — If the 
quantity of the former be proportionally small, it is precipita- 
ted as a sulphuret by the hydrosulphuret of ammonia or pot- 
assa. This sulphuret is then dissolved in muriatic acid, and 
the manganese thrown down as usual by means of an alkali. 
But if the manganese be the chief ingredient, the best method 
is to precipitate it at once, together with the two earths, by a 
fixed alkaline carbonate at a boiling temperature. The pre- 
cipitate, after being exposed to a low red heat and weighed, 
is put into cold water, acidulated with a drop or two of nitric 
acid, when the lime and magnesia wall be slowly dissolved 
with effervescence. Should a trace of the manganese be 
likewise taken up, it may easily be thrown down by the hy- 
drosulphuret of ammonia. 

Mode of analyzing an earthy mineral containing silica, iron, 
alumina, manganese, lime and magnesia. — The mineral, re- 
duced to a fine powder, is ignited with three or four times its 
weight of the carbonate of potassa or soda, the mass is taken 
up in dilute muriatic acid, and the silica separated in the way 
already described. To the solution, thus freed from silica 
and duly acidulated, carbonate of soda is gradually added, so 
as to charge the liquid with carbonic acid, as in the analysis 
of iron and manganese. In this manner the iron and alumina 
are alone precipitated, substances which may be separated 
from each other by means of pure potassa. The manganese, 
lime, and magnesia, may be determined by the processes al- 
ready described. 

Analysis of minerals containing a fixed alkali. — When the 
object is to determine the quantity of a fixed alkali, such, as pot- 
assa or soda, it is necessary to abstain from the employment 
of these reagents in the analysis itself; and the beginner will 
do well to devote his attention to the alkaline ingredients 
only. On this supposition, he will proceed in the following 
manner. The mineral is reduced to a very fine powder, mixed 
intimately with six times its weight of the artificial carbonate 
of baryta and exposed for an hour to a white heat. The 
ignited mass is dissolved in dilute muriatic acid, and the so- 
lution evaporated to perfect dryness. The soluble parts are 
laken up in hot water ; an excess of the carbonate of ammo- 
nia is added ; and the insoluble matters, consisting of silica, 
carbonate of baryta, and all the constituents of the mineral, 
excepting the fixed alkali, are collected on a filter. The 
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clear solution is evaporated to dryness in a porcelain capsule; 
and the dry mass is heated to redness in a crucible of plati- 
num, in order to expel the salts of ammonia. The residue is 
the chloride of potassium or sodium. 

In this analysis, it generally happens that traces of manga- 
nese, and sometimes of iron, escape precipitation in the first 
part of the process ; and, in that case, they should be thrown 
down by the hydrosulphuret of ammonia. If neither Ikne 
nor magnesia is present, the alumina, iron, and mangranese, 
may be separated by pure ammonia, and the baryta subse- 
quently removed by the carbonate of that alkali. By this 
methoJi the carbonate of baryta is recovered in a pure state, 
and may be reserved for another analysis. The baryta may 
also be thrown down as a sulphate bv sulphuric acid, in which 
case, the soda or potassa is procured in combination with that 
acid. 

The analysis is attended with considerable inconvenience, 
when magnesia happens to be present, because this earth is 
not completely precipitated, either by ammonia or its carbo- 
nate , and, therefore, some of it remains with the Rxed alkali. 
The best mode with which I am acquainted for effecting its 
separation, is the following. The carbonate of ammonia is 
first added, and the phosphoric acid is dropped into the liquid, 
until all the magnesia is thrown down in the form of the am- 
mo niaco-magnesian phosphate. The excess of phosphoric 
acid is afterwards removed by the acetate of lead, and that 
of lead by sulphuretted hydrogen. The acetate of the alkali 
is then brought to dryness, ignited, and by the addition of sul- 
phate of ammonia is converted into a sulphate. 

In the preceding account, several operations have been al- 
luded to, which, from their importance, deserve more particu- 
lar mention. The process of filtering, for example, is one on 
which the success of analysis materially depends. Filtration 
is effected by means of a glass funnel, into which a filter, made 
of white bibulous paper, is inserted. For researches of deli- 
cacy, the filter, before being used, is macerated for a day or 
two in water, acidulated with nitrjc acid, in order to dissolve 
lime and other substances contained in common paper, and it 
is afterwards washed with hot water, till every trace of acid 
is removed. It is next dried at 212°, or any fixed temperature 
insufficient to decompose it, and then carefully weighed, the 
weight being marked upon it with a pencil. As dry paper 
absorbs hygrometic moisture rapidly from the atmosphere, 
the filter, while being weighed, should be inclosed in a lighl 
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box made for the purpose. When a precipitate is collected 
on a filter, it is washed with pure water until every trace of 
the original liquid is removed. It is subsequently dried and 
weighed as before, and the weight of the paper subtracted 
from the combined weight of the filter and precipitate. The 
trouble of weighing the filter may sometimes be dispensed 
with. Some substances, such as silica, alumina, ana lime, 
which are not decomposed when heated with combustible 
matter, may be put into a crucible while yet contained in the 
filter, the paper being set on fire before it is placed in the 
furnace. In these instances, the ash from the paper, the 
average weight of- which is determined by previous experi- 
ments, must be subtracted from tha weight of the heated 
mass. 

The tests commonly employed in ascertaining the acidity 
or alkalinity of liquids are litmus and turmeric paper. The 
former is made by digesting litmus, reduced to a fine powder, 
in a small quantity of water, and painting with it white paper 
which is free from alum. The turmeric paper is made in a 
similar manner ; but the most convenient test of alkalinity is 
litmus paper reddened by a dilute acid. 

ANALYSIS OF MINERAL WATERS. 

Rain water collected in clean vessels in the country, or 
freshly fallen snow, when melted, affords the purest kind of 
water which can be procured without having recourse to dis- 
tillation. The water obtained from these sources, however, 
is not absolutely pure, but contains a portion of carbonic acid 
and air, absorbed from the atmosphere. It is remarkable 
that this air is very rich in oxygen. That procured from 
snow-water by boiling, was, found by Gray Lussac and Hum- 
boldt to contain 34.8 and that from rain water 32 per cent, of 
oxygen gas. From the powerfully solvent properties of 
water, this fluid no sooner reaches the ground and percolates 
through the soil, than it dissolves some of the substances 
which it meets with in its passage. Under common circum- 
stances, it takes up so small a portion of foreign matter that 
its sensible properties are not materially affected, and in this 
state it gives lise to spring, well, and river water. Sometimes, 
on the contrary, it becomes so strongly impregnated with 
saline and other substances, that it acquires a peculiar flavor, 
and is thus rendered unfit for domestic uses. It is then known 
by the name of mineral water. 
29* 
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The composition of spring water is dependent on the nature 
of the soil through which it flows. If it has filtered through 
primitive strata, such as quartz rock, granite, and the like, it 
18 in general very pure ; but if it meets with limestone or gyp- 
sum in its passage, a portion of these salts is dissolved, and 
commimicates the property called hardness. Hard water is 
characterized by decomposing soap, the lime of the former 
3rielding an insoluble compound with the oil of the latter If 
this defect is owing to the presence of the carbonate of lime, 
it is easily remedied by boiling, when free carbonic acid is 
expelled, and the insoluble carbonic of lime subsides. If 
sulphate of lime is present, the addition of a little carbonate 
of soda, by precipitating the lime, converts the hard into soft 
water. Besides these ingredients, the muriates of lime and 
soda are frequently contained in spring water. 

Spring water in consequence of its saline impregnation, is 
frequently unfit for chemical purposes, and on these occasions 
distilled water is employed. Distillation may be performed 
on a small scale by means of a retort, in the body of which 
water is made to boil, while the condensed vapor is received 
in a glass flask, called a recipient, which is adapted to its beak 
or open extremity. This process is more conveniently con- 
ducted, however, by means of a still. 

The different kinds of mineral water may be conveniently 
arranged for the purpose of description in the four divisions 
of carbonated, chalybeate, sulphurous, and saline springs. 

The carbonated springs of which those of Seltzer, Spa, 
Pyrmont, Ballston and Carsbad, are the most celebrated, are 
distinguished by containing a considerable quantity of free 
parbonic acid, owing to the escape of which they sparkle 
when poured from one vessel into another. They commu- 
cate a red tint to litmus paper before, but not after being 
boiled, and the redness disappears on exposure to the air. 
Mixed with a sufficient quantity of lime water, they become 
turbid from the deposition of carbonate of lime. They fre- 
quently contain the carbonate of lime, magnesia, and iron, in 
consequence of the facility with which these salts are dissolv- 
ed by water charged with carbonic acid. 

The best mode^of determining the quantity of carbonic acid 
is by heating a portion of the water in a flask, and receiving 
the carbonic acid by means of a bent tube, in a graduated jar 
filled with mercury. 

The chalybeate waters are characterized by a strong styp- 
lie inky taste, and by striking a black colour with the infu- 
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sion of Gallnuts. The iron is sometimes combined with the 
muriatic or sulphuric acid ; but most frequently it is in the 
form of a carbonate of the protoxide, held in solution by free 
carbonic acid. On exposure to the air, the protoxide is oxi- 
dized, and the hydrated peroxide subsides, causing the ochre- 
ous deposit, so commonly observed in the vicinity of chaly- 
beate springs. 

To" ascertain the quantity of iron contained in a mineral 
water, a known weight of it is concentrated by evaporation, 
and the iron brought to the state of peroxide by means of ni- 
tric acid. The peroxide is then precipitated by an alkali and 
weighed ; and if lime and magnesia are present, it may be 
separated from those earths by the process described in the 
last section. 

Chalybeate waters are by no means uncommon ; but the 
most noted in Britain are those of Tunbridge, Cheltenham, 
and Brighton. The Bath water also contains a small quan- 
tity of iron. 

The sulphurous waters, of which the springs of Aix la Cha- 
pelle, Harrowgate, and Moffat afford examples, contain sul- 
phuretted hydrogen, and are easily recognized by their odor, 
and by causing a brown precipitate with a salt of load or sil- 
ver. The gas is readily expelled by boiling, and its quantity 
may be inferred by transmitting it through a solution of the 
acetate of lead, and weighing the sulphuret which is gene- 
rated. 

Those mineral springs are called saline which do not be- 
long to either of the preceding divisions. The salts which 
are most frequently contained in these waters, are the sul- 
phates, muriates, and corbonates of lime, magnesia, and soda. 
Fotassa sometimes exists in them, and Berzelius has found 
lithia in* the spring at Carlsbad. It has lately been discovered 
that the presence of hydr iodic acid in small quantity is not 
unfrequent. As examples of saline water may be enumera- 
ted the springs of Epsom, Cheltenham, Bath, Bristol, Bareges, 
Buxton, Pitcaithly, Toeplitz, Ballston, and Saratoga. 

The first object in examining a saline spring is to determine 
the nature of its ingredients. Muriatic acid is detected by 
the nitrate of silver, and the sulphuric acid by muriate of 
baryta ; and if an alkaline carbonate be present, the precipi- 
tate occasioned by either of these tests will contain a carbon- 
ate of silver or baryta. The presence of lime and magnesia 
may be discovered, the former by the oxylate of lime, and the 
latter by carbonate of ammonia and phosphoric acid. Pq- 
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lassa is known by the action of the muriate of platinum. To 
detect soda, the water should be evaporated to dryness, the 
deliquescent salts removed by alcohol, and the matter insolu- 
ble in that menslruTun taken up by a small quantity of water, 
and be allowed to crystallize by spontaneous evaporation. 
The salt of soda may then be recognizi d by the rich yellow 
colour which it communicates to flame. If the presence of 
hydriodic acid is suspected, the solution is brought to dry- 
ness, the soluble parts dissolved in two or three drachms of 
a cold solution of starch, and strong sulphuric acid g-radually 
added. 

Having thus ascertained the nature of the saline ingredi- 
ents, their quantity may be determined by evaporating a pint 
of water to dryness, heating to low redness, and weighing 
the residue. In order to make an exact analysis, a given 
quantity of the mineral water is concentrated in an evapora- 
ting basin as far as can be done without causing either pre- 
cipitation or crystallization, and the residual liquid is divided 
into two equal parts. From one portion the sulphuric and 
carbonic acids are thrown down by the nitrate of baryta, 
and aifter collecting the precipitate on a filter, the muriatic 
acid is precipitated by the nitrate of silver. The mixed sul- 
phate and carbonate is exposed to a low red heat, and weigh- 
ed ; and the latter is then dissolved by dilute muriatic acid, 
and its quantity determined by weighing the sulphate. The 
chloride of silver, of which 146 parts correspond to 37 of 
muriatic acid, is fused in a platinum spoon or crucible, in 
order to render it .quite free from moisture. To the other 
half of the concentrated mineral water,- oxalate of lime is ad- 
ded for the purpose of precipitating the lime ; and the magne- 
sia is afterwards thrown down as the ammoniaco-phosphate, 
by means of the carbonate of ammonia and phosphoric acid 
Having thus determined the weight of each of the fixed in- 
gredients, excepting the soda, the loss of course gives the 
quantity of that alkali ; or it may be procured in a separate 
state by the process described in the foregoing section. 

The individual constituent of the water being known, it 
remains to determine the state in which they were originally 
combined. In a mineral water containing sulphuric and mu- 
riatic acids, lime, and soda, it is obvious that three cases are 
possible. The liquid may contain sulphate of lime and mu- 
riate of soda, muriate of lime and sulphate of soda, or each 
acid may be distributed between both the bases. It was at 
one time supposed that the lime must be in combination with 
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sulphuric acid, because the sulphate of that earth is left when 
the water is evaporated to dryness. This, however, by no 
means follows. In whatever state the lime may exist in the 
original spring, gypsum will be generated as soon as the con- 
centration reaches that degree at which sulphate of lime 
cannot be held in solution. The late Dr. Murray,* who 
treated this question with much sagacity, observes, that some 
mineral waters, which contain the four principles above men- 
tioned, possess higher medicinal virtues than can be justly 
ascribed to the presence of sulphate of lime and muriate of 
soda. He advances the opinion, that alkaline bases are uni- 
ted in mineral waters with those acids with which they form 
the most soluble compounds, and that the insoluble salts ob- 
tained by evaporation are merely products. He therefpre 
proposes to arrange the substances determined by aralysis 
according to this supposition. To this practice there is no 
objection ; but it is probable that each acid is rather distri- 
buted between several bases, than combined exclusively with 
one of them. 

Sea v^-acer may be regarded as one of the saline mineral 
waters. Its taste is disagreeably bitter and saline, and its 
fixed constituents amount to about three per cent. Its spe- 
cific gravity varies from 1.0259 to 1.02S5 ; and it freezes at 
about 28.5° F. According to the analysis of Dr. Murray, 
10,000 parts of water from the Firth of Forth contain 220.01 
parts of common salt, 33.16 of sulphate of soda, 42.08 of 
muriate of magnesia, and 7.84 of jnuriate of lime. Dr. 
Woliaston has detected potassa in sea water, and it likewise 
contains small quantities of the hydriodic and iodic and 
hydrobromic acids. 

The water of the Dead Sea has a far stronger saline im- 
pregnation than sea water, containing one fourth of its weight 
of solid matter. ^ It has a peculiarly bitter, saline, and pun- 
gent taste, and its specific gravity is 1.211. According to 
the analysis of Dr. Marcet, 100 parts of it are composed of 
muriate of magnesia 10.246, muriate of soda 10.36, muriate 
of lime 3.92, and sulphate of lime 0.054, In the river Jor- 
dan, which flows into the Dead Sea, Dr. Marcet discovered 
the same principles as in the lake itself — Turner's Chemist ^^y, 

* PhiloBopliical Tnuuactions of Edinburgh, yoL viL 
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Table of Chemical Equivalents, Atomic Weights, or Proportional 
Nambera, Hydrogen being taken as Unity,* 

In pieparing the forowing tabular view of the atomic wc'gbts, I haw 
chiefly consulted the tab e published by Dr. Thompson in his First Prin- 
ciples of Chemstrv. and by Mr. Philips in the new seres, 10th volume, 
of the Annals of l^hiiosophy. From tlie full acxxiunt already given of the 
Laws of Comb nUon, and of the Atomic Theory, it will be superfluous 
to describe the use* of t'.ie table. The only explanation required on this 
aubjcct, relates to tie ingenious cont:ivance of Dr. Wo'laston, called the 
Scale of Chemical Equivalents. This useful instrun rnt is a table of 
atomic we•g^.t3, co iip:e':endin^ all those sulistances which are most fre- 
quently employed Uy chemists m the laboratory ; and it only diflere from 
other tabular arrangements of the same kind, in the numlw; s being attached 
to a sliding rule, which is divided according to the principle of Oi&ioi 
Gunter. From the mathefnat cal construction of the scale, it not only 
serves the same pu-pose as other tables of atomic weiglits, but in many 
instances supersedes the nec««sity of calculation. Thus, by inspecting the 
common table of atomic we'^hts, we learn that 88 pait.*«, or one atom, of 
the sulphate of potassa, contain 40 parts of sulphuric acid and 4S of potas- 
sa ; but recourse must be had to calculation, when it is wished to deter- 
mine the quantity of acid or alkali in any other quantity of the salt This 
knowledge, on the contrary, is obtained directly by means of the scale of 
chemical equivalents. For example, on pushing up the slidd until 100, 
marked upon it, is in a line witli the name sulphate of potassa on the fixed 
part of the scale, tie numbers opposite to the terms sulphu ic acid and po- 
tassa, will ^ve the p-ecse quantity of each contained in \(\0 parts of the 
compound. In the original scale of Dr. Wollaston, for a particular accouni 
of which I may refer to tie Philosophical Transactions for 1814, oxygen is 
taken as the standa-d of comparison ; but hydiogen may be selected foi 
that purpose with equal propiiety. 

Acid,c. 2w. 42 

carbonic, (c. &-}-o. 16) - . • 22 

chloric, (chl. 36-i-o. 40) - • "^ 

54 chloriodic, (chl. 72-f-io»l. 124) 1* 

120 chlorocarbonlc, (chL SO-j-carb. 

24 oxide 14) . . . • «^ 



Acid, acetic 
c. 1 w.t 

arBeiiic, (a. 33-|-o. 24) 
arsenious, (a. 38-h). 16) 
benzoic 
boracic, (b. 8-|-o. 16) - 



* From Turner's Chemistry. 

t C. means crystallized, w. water; and the numeral before w. expresses the munl*'^ 
■tome of water which the crystals contain. O. means oxygen. 
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Aci^ chlorncyantc (chl. (iS-Hyaa 26) 62 
chromic, (chr. 28-|-o. 24) - 52 

citric 63 

c 2w. - - . . . 76 

columbic - • • . • . 152' 
fluoboric, (bor. a. 24-|-a. a. 10) 34 1 

fluoric 10' 

formic - • - - - - 37' 

fliioBiliclc, (fl. a. 10-|-Bil. IG) - 26 

gallic! r,2 

hydriodic, (iotl 124-f-hya. 1> - 125 1 

hydrocyanic, (cyan. 2<>-|-hyd. 1) 271 

hyposulphurouii, (h. 16-f-o. -) - 24 
hyposulphur c, (s. 32-f- o. 40) 72' 

Iodic, (ioil. 124 -H>. 40) - - 164 

malic 70 

manganef^eous ? . . •52! 
manzanesicl ... GO 

molylxtous . . . .64' 
molybdc .... 72 1 

muriai c, (rhl. 36-|-hyd. I) . 371 
nitric, dry <n t. 14-f-o. 40) . 54 
nitric, liquid (pp. arr. I. 5) 2 w. 72 
ii!tn»u8<nlt. H-f-o 32) . 46 

oxalic - - - . - 36 

c. 4 w. 72 

perchlorc,.(chl 36-po. GT) . 92 
pliOjiphurmiH, (p, r2-f-o. S) 

ph(K>phor:c, (p. 12-f c. ItJ) . 2S 
Ru*chnlact!c • • . - lOt 

terenr., (sel. 40-f-o. IG) . - 66 
6*jcrin;c .... co 

Btilphurir, dry, (R. Ifr-f-o 24) - 40 
liqtii«l, (pp. sr. I 843-^) I w. - 49 

0Ul|)huruus, (8 16-f-o. IG) - 32| 
tartaric .... (joi 

c. I w. - . . . - 75 

titanic 4Si 

tuiigntlc, (t. QG-|-o. 24) - - 120 

uric - - - . 72' 

Alcdiol, (olcf. gas 14-f-aq. vap. 9) - 23' 

Aiuni, anhydrous .... 2G2 

c 26w. - - . . . 4v«7| 

Alumina 1S{ 

sulphate 56 

Aluminum .... jq 

Ammonia, (nit 14-|-hyd. 3) - - 17 
Aiitiuiony ..... 44 

chloride, (ant 44-f-rhl. 36) 

ioditie, (ant. 4 t-f-iud. 124) 

oxide, («nt. 44-i-o. 8) 

deutoxide 

peroxide ... 

milphurct ... 
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Arsenic, sesqu'sulphuret,* (orpiment) 63 

Barium 79 

chloride, (h. 70-)-chl. 3G) . 106 

iod de, (h 70-l-iod- 121) . 194 

oxiile, (baryta) - - - 78 

perox'de? • ... 86 

phospliuret • • - • 82 

fulphurct .... 8Q 

Btsmurh 73 

chloride, (b. 72-|-cld. 36) . 109 

oxide 80 

iodide, (h. 72-|-!ixl. 124) . 196 

pho-phuret, (b 72-f-p. 12) • 84 

BulpliurjBt, (b. 72-t-tJ. lU) . 88 

Boron 8 

Cadjnium £0 

chloride, (cad. eG-|-clil 36^ - 92 

ox'ile 64 

iodide ]44 

phosphuret .... $3 

Fidphuret • • • . 72 

Calcium 20 

chlorde, (cal. 20-|-chl. .-6) . £6 

iodide 144 

ox'de. (I: me) - * . 

plnKphnrci .... 32 

sidphuret .... 35 

Carbon 6 

bpulphurel, (c. G-f-a. 32) 

chl<)ri(!e .... 42 

perchhiride . . . -120 

ox'uUt 14 

pimphuret - . " . -18 

Cerium sO 

oxMm 63 

jiero.vitlo .... 

CIdorlne 

hydrocarburet. (rhl. 3C-|-olcf. 
gas 14) ... . 
ox:<ie, (chl. 36-i-o. 8) 
peroxide .... 

Chromium .... 



sulphuret, (realger) - 



IGd 
62 
56 

60| 
38 
641 



ox IW 

deutoxide ... 
Cobalt 

chloride, (cob. 26-|-chl. 3C) 

iodide 

ox<le .... 

)}croxidc . . . . 

])ha->phuret ... 

sulphuret . . . . 
Columbium .... 
Copjicr 

chloride, (cop 64-|-chl. 36) 

bichloride, (c. 64-|-chl. 72) 

iodide, (c. Sl-j-iod. 124) 



GO 
44 



36 
44 
26 
62 
150 
34 
39 
38 
42 
144 
64 
100 
136 
188 



• 1 proportlnn of anuiic, and 1 1-2 ■ulphur. 
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Oopper, oxide, (c. 64-K 8) 
preoxide (c. 64-H». 16) 
phoaphuret 
■ulphttrac 
Imulphiiret 

CjanoKen, (cart. 12-H»il. 14) 

Qjranurei of sulphur, <cj. 26^. 32) 

Ether, (otef. gae. aa-j-wat. ?ap. 9) 

Fluorine 

Gtacinuin 

Glocina .... 

Gold 

chloride, (g. aOO+chl. 36) 
bichloriile, (g. aOO-f-chl. 72) 
iodide, (g. 200-l-iod. 124) 
oxide, (g. 2lX)-H». 8) 
peroxide, ig. 200-|-a 24) 
mlphuret, (g. 20(H-fl. 4S) 

Hjdragen .... 
areenturetted, (a. 39-|~h- 1) 
carburetiwl, (c. 6-Hh- 2) 
bicarburetted, (otefiant ga8)(c. 

124-h. 2) ■- . 
■eleniureiiMl, (9L404-h. 1) 
■ulphureited, (». IS-f-h. 1) 
bisulphuretied, (p. 32-f-h. 1) 

HTdrurei of phosphorus 

Bihydniret of phuspborus 

Iodine . . - - 

Irtdjum .... 



chloride, (I. 2S-|-chl. 36) - 
perchloritle, (i. 2'i-|-chl. 54) 
iodide, (i. .;8-^-ioll. 124) 
oxide, (i. 23-|-o. 8) - 
peroxide, (i. 28-H». 12) 
sulphurei, (i. 23-h8. 16'i 
biuulphuret, <i. 2»-|^-8. 32) 

Lead 

chloride, (I ItM^-chl. 36) 
oxide, (1. I04-H». 8) 
deuUJXide, (I. l(M-|-o. 12) 
peroxide, (1. 104 -|-o 16) - 
phosphuret, (I. IQ4-j-p. 12) 
sulphurel, (I. IW-K 16) 

Lichinm .... 

chlor'de, 0- lO-f-ch. 36) • 
iodide . . . • 
oxirle, (lithia) • 
sulphuret • 

Magnesium .... 
chloride, (m. 12-Hjhl. 36) 
oxide, (magnesia) - 
sulphuret • 

Mai^ansse .... 
chloride, (m. 2S-f-chl« 36) 
oxide, (m. 28-po. 8) 
dsutoxide, (m. Ta-jro- 12) 



• 200 
236 

. 272 
224 

- 203 
224 

- 248 
1 



H 
41 
17 
33 
13 
14 
124 
30 
23 
04 
82 
152 
36 
40 
44 
60 
104 
140 
112 
116 
120 
IIG 
120 
19 
46 
134 
18 
. 26 
12 
48 
20 



40, 



Manganese, peroxide, (m. 28-f-«- ^6) 44 
sulphuret . . - - 44 

Mercury 300 

chloride, (calomel) Cm- 20a-f- 

chl. 36) .... 236 
bichloride, (corrosL sabl.) (m. 

200-|-chL 72) - - - 272 
iodide, (m. 200-hiod. 134) - 324 
biniodide, (m. 200-f-iod. 243) - 448 
oxide, m. anO-H>- 8> - - 208 
pe:T)xide, (ra. 200-^0. 16> - 216 

sulphuret . . - - 216 

bisulphuret . - - - 232 

Molybdenum ... - 48 

oxide, (m. 48-t-o. 8) - - 66 

deotoxitle, (m. 48-f-a 16) - 64 

Molybtlicaci;l,(m. 48-1-0. 24) - - 72 

Nickel, (I^asiMigne) - - - 40 

cliloride, (n. 40-HchL 36) - 76 

iodide 164 

oxide, (n. 40-H>- 8) - - 48 

peroxide, (n. 40-|-o. 16) - 66 

pho?|»huret - . - -62 
sulphuret .... 56 

Nitrogen 14 

bicarburer, (cyanogen) - - 26 
chforide, (n. M-f-chl. 144) - 138 
iodide, (n. l4-hiod. 372) - 386 
oxide, (n. H-f-o. 8) - - 22 

deutoxide, (n. 14-Ha 16) - 30 

Ovyseft - 8 

Palladium 66 

oxide ... - - 64 

Phosphorus ... - - 12 

chloride, (p. 12-+-chl. 36) - 43 

bichloride ... - 81 

carburet . - - - - 18 
sulphuret - - - - 28 

Platinum 96 

chloride, (p. 96-l-chl. 36) - 132 
bichloride , - - . 168 

Platinum, oxide .... 1(M 
deiiioxide • - _ • - 112 
sulphuret • • - - 112 
bisulphuret .... 128 

Potassium 40 

chloride, (p. 40-[-chL 36) - 76 

iodide ..... 164 

oxiile, (potassa) - - - 48 
peroxide, (p. 40-i-o. 24) - 64 
phosphuret . - • • 62 
sulphuret ... - 66 

Rhodium ♦» 

oxide . . . * . 62 
peroxide . . • • • 60 

Relenlum ^ 

Silica W 

Slllicium • 
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ch]oiid^(t.ll<H-«hL36) 
iodkte . - - - 
oxide, (a. llO+o. S) - 
phoeiihurei . . - 
Bulphuret . . • 

flodium . > - • * 
chloride, (a. 24-hchL 36) 
iodide - - - 

oxide, (aoda) 
peroxide, (s. 24+0. 12) 
phosphuret ... 
■ul|iliuret 

fltrattium 

dUoride 

iodide • • • 

oxide, (etrontia) 

phosphuret . . • 

Bulphuret 

Adphur 

chloride, (a. IC-J-chl. 36) 
ioJide, (a. IS-^lod. 124) - 
phosphuret . - - 

8a1phureited hydrogen 

Biaulphureited hydrogen 

Tellurium, (ilerxeliua) 

clri»ride ... 
oxide - . - 



Tin 



chloride, (L SS+chL 36) 

bichloride - - - 

oxide ... 

deutoxide - * 

phoephureC 

aulphiiret ... 

bisulphuret 
Titanium . . . - 
Titanium, oxide - - . 
Titanic acid . - - - 
Tungsten 

oxide, (brown,) (L 6 | a 16) 
Tungatic acid, (L 96-t-o. 24) 
Uranium .... 

oxide, . 

peroxide • 
Water • 
7ttriuni • 
Oxido^ (Ytlria) 
Zinc • 

chloride 

ox'ide 

phosphuret - 

■ulphuret 
Zliconium 
Zliconia . . • 

SALTS. 
Acatata of alumina, (ac; a. 6(H-aL 

c. 1 w. 

30 



110 

146 

234 

118 

1522 

126 

24 

60 

148 

32 

36 

36 

40 

44 

80 

140 

66 

62 

66 

10 

66 

142 

28 

17 

33 

32 

6S 

40 

68 

94 

130 



18) 



74 
70 
74 
90 
82 
40 
48 
96 
112 
120 
208 
216 
224 
9 
34 
42 
34 
70 
42 
46 
60 
40 
48 

68 
77 



Acetate of ammonia, (ac a. SO-f^m. 17) 67 
c7.w. .... 130 
barytti, (ac a. 5(>-H>. 78) - 128 
c3w. .... 166 

cadmium, (c. 2 w.) - • -132 
copper, <ac a. 60-t-pcrox. 80) 130 
c 6 w. (com* verdigria,) - • 184 
binacetate .... 180 
c 3 w. '.distilled verdigris,) - 207 
aubacetate, <ac a. SO-Hwrox. 

160) 210 

lead 162 

C.3W. 189 

lime . . . - • 78 
magnesia .... 70 
mercury, (protoxide) c 4 w. 294 

potaasa 98 

silver 168 

strontia, c 1 w. • - - lU 

zinc 92 

c7w. 166 

Araeniaic of lead . - - - 174 

lime 90 

magnesia «... 82 
110 
181 
94 
201 
114 
180 
82 
102 
86 
172 

39 

P9 
70 
100 
102 
68 
134 
60 
42 
68 
70 
on 

101 
64 
144 
86 
74 
64 
154 
188 
284 
121 



Binarseniate of potaasa, c 1 w. 
Arseniateof soda 
Binarwniate of soda, c. 5 w. • 
Arseniaie of strontia - 

silver. . . . - 
Arsenite of lime 

potaasa ... 
Areeniie of soda 

silver . - . • - 
Carbonate of ammonia, (carb. a. 224- 

am. 17) .... 
Sesquicarbonate of ammonia, (carb. a. 

33-l-am. 17-hw. 9) - 
Bicarbonate of ammonia, 1 w. - 
Carbonate of baryta ... 

copper 

iron, (protoxide) • . • 

lead 

lime 

magnesia .... 

manganese • . • • 

potaasa 

Bicarbonate of potasMt • 

c 1 w. 

Carbonate of aoda, 

clOw. 

Bicarbonate of aoda, cl w. - 
Carbonate of strontia 

zinc 

Ctikmie of baryta, (ch. a. 76-f-b. 78) 



mercurj 



850 



SatriTALEKTfl. 



ofbttyta 



poiaai, (chr. a. 624-p- 4Q) 
Bichromate of pocaaa 
nuateofbuTU ... 



lima ... . 
of ammonia, (mar. a. 374- 
am. 17) ... 

baryta, c. 1 w. 

lime, c 6 w. - 



atrontia, c 8 w. 
mtxate oT ammonia, (uit. il 54-t- 
am. 17) . . • 
baryta . . • 

biamuth, c. 3 w. 



lime .... 
MitiBta of magnesia 

mercury, (proiozlde) c 2 w. 
rotaaaa ... 

ailver . • • - 



atrootia .... 
Onlata of ammonia, (Oxi il 3G-h 
am. 17) - • • 

G. 2 w. • • « 

b)iryta 
Binoxalate of baryta 
.QkalatooT oubalt 

lime .... 

niclcel . • • 

potaaaa ... 

cl2w. . - . 
Blnoxalato of potaaaa - 

c 2 w. • .• • 
Quadroxalate of potaaaa 

c7w. . - . 
Oxalate of atnmtia • 



130 
164 



100 
152 



122 



64 
124 
119 

67 
ICl 

71 
132 
161 
166 

82 
'74 
280 
102 
172 

86 
106 

63 
71 
114 
130 
70 
64 
84 
&1 
93 
120 
13t) 
192 
2:i5 
88 
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Btnoxalate of ftrontia 
Ptiosphate of ammonia, c. 2 

baryta 

lead . . . 

lime . - 

magneria 

Botla 

G. 12 w. . 
Sulphate of alumina . 

ammonia, c. 1 w. 

barsrta 
Sulphate of copper, (eulph. 

perox. fiO) 
Bisulpluue of copper 

c 10 w. (blue ritrioT) 
Sulphate of iron, i proinxiilo) 

c 7 w. (groen vitriol) 

lead . . . 

lime 

c 2 w. . 

liihia^c 1 w. . 

magnesia, c 7 w. 

merrury, (sulph. a. 40-j-pemx. 

216) - - > - 19S 

Biaulphate of mercury, (petoxitle> - .296 

Sulphate of potaasa 



63 
106 
MO 
66 
48 
60 
168 
68 
66 
118 

120 
160 
25i) 

76 
139 
1£3 

63 

66 

67 
123 



Hitfulphate of puiaaaa, c 2 w. 
Sulplioie of 8uda ... 

c 10 w. • 

atruntia 

xiiic 

G. 7 w. 

alumina and potaaaa 

c 25 w. (alujn) • 
Nitrate of lead 

lime .... 

ptnasRs • • • 
Bitartrateoi |iota5«a 

c 2 w. (onsam of tartar) 

Tartrate f>f antimonx aiwl {wnae 

c. 3 w. itanai eiufiuc> 



146 
73 
.63 
98 
83 
I4S 
2G3 
487 
178 
94 
89 
.80 
M 

863 
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Acetatcf - . . - 3fl0 

AcelatB of copper - - 301 

of lead - . - 300 

Add, acetic ... 2D0 

antimoniocu - - - 255 

arsenic - - - 250 

boracic- ... 103 

carlmnic ... 149 

chloric - - - - 167 

chromic ... 252 

citric ... - - 304 

fluoric ... 173 

hydrocyanic - - - 191 

iodic ... 170 

meconic - - - 319 

inol>lidic - - - 253 

muriatic ... 166 

nitric - - - 144 

nitroofl - - . - 143 

nitro-muriatic - - 126 

oxalic .... 301 

oxymuriatic - - 163 

pliosphoric - - - IGl 

phosphorous - - 162 

prussic- ... 191 

pyToIigneous « - 300 

sulphurous ... 155 

sulphuric- - - 157 

tartaric ... 302 

tungstic ... 254 

vegetable - . - 299 

A^nts, imponderable - - 10 

Air, atmospheric - - 135 

thermometer ... 36 

Affinity, .... 71 

chemical ... 70 

double elective - 73 

elective - - - 73 

simple ... 72 

Albumen .... 322 

Alcohol .... 315 

Alembic .... 101 

Alkali, volatile ... 147 

vegetable - - - 318 

AHanite ... - 256 

AUoys . - - - 202 



Alum ..... 27S 

Alimiina .... 237 

Amalgams .... 204 

Ammonia- ... i4G 

Uquid . - - 147 

muriate of - * 286 

Analyds of vejgctables - - 299 

of minerals > 335 

of waters - - 341 

Animal chemistry . - 321 

oils - - - - 323 

beat . - - 328 

Antimony .... 254 

oxides of - - 256 

sulphuretof > - 255 

tartrate of - - 303 

Aquafortis .... 144 

regia ... 211 

Aqueous fusion ... 267 

Arrow root ... 308 

Arsenic .... 249 

oxide of - . - 250 

sulphuretsof . - 251 

test of - . . 250 

white .... 250 

Arsenites .... 251 

Atmospheric air ... 135 

composition of 135 

Atomic theory - - - 98 

Attraction - - - 69 

of cohesion > > 70 

chemical - - "TO 

Azote 238 

Balance, portable ... 107 

Balloons .... 124 

Barium .... 225 

protoxide of > - 225 

Barvtes - - - - 225 

Barley, malting of - - 313 

Barometer .... 105 

thermometric > 18 

BeU glass - - - - 106 

Bismuth .... 259 

oxide of - - - 259 

flowers of - - 269 
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Bismudi, magiiteiT of - 


- 250 


Chlorates 


ZW 


Black lead ... 


245 


Chlorate of potash 


- 280 


Black oii<le of manganeM 


- 241 


Chlorides ... - 


279 


Bleaching powder 


229 


Chloride of nitrogen 


- 168 


Btende. . . - 


- 246 


of calcium 


- 231 


Blood .... 


323 


of lime 


229 


Blowpipe, cmnmon 


- 102 


Chlorine 


- 163 


Gahn's 


103 


oxides of - - 


167 


compound 


- 12& 


Chlorine and oxygen 


- 167 


Blue, PruBsian . . . 


191 


Chromium - - - 


251 


Bodies, elementaTy 


- 112 


Chromate of lead - 


- 258 




112 


of iron 


252 . 


Boiling of liquids . 


17,24 


Chrome yellow 


- 253 


Borates .... 


282 


Cinchoma - . - 


320 


Borax .... 


- 263 


Cinnabar - - - 


- 201 


Boron .... 


163 


Coal gas - - - - 
Cobalt .... 


30( 


BnuM .... 


- 246 


- 257 


Bromine .... 


172 


oxides of - 


256 






arsenical 


- 257 


Cadmium .... 


247 


Cohesive attraction - 


70 


Calamine ... 


- 246 


Cold, artificial 


- 39 


Caldnm .... 


227 


Colouring matter 


309 


ozideof . 


- 238 


of the Wood ^- 


- 324 


Cal«nel .... 


206 


artof- -^ - 


309 


Oatoric - - - 


- 11 


Colours, primary . 


- 45 


conductofsof . 


22 


Columbium . - - 


254 


combined . 


. 13 


Combination ... 


- 79 


free . - . 


13 


by volume 


91 


equilibrium of . 


- 12 


Common salt 


- 223 


expansion of - 
radiation 


25 
.' 29 


Cambinedcaloric . 


86 
- 13 


specific - . - 


32 


Combustion ... 


118 


sources of - 


• 41 


in oxygen - 


- 119 


of fluidity 


13 


spontaneous - 


311 


capacity for 


- 32 


Conductors of caloric 


- 22 




46 


Concave mirrors 


29 


Caoutchouc 


- 319 


Copper - - . . 


- 260 


Carbon .... 


147 


protoxide of - 


261 


sulphninpt of 


- 195 


peroxide of - 


• 2fi2 


Carbon and oxygen - 


149 


sulphuret of - 


2^ 


Carbonic acid 


- 149 


Copperas - . . . 


274 


oxide ... 


154 


CorroMve sublimate - 


207 


Carbonates - - - 


- 284 


Cream of tartar - - - 


• 303 


Carbonate of potash - 


285 


Cr3'ophorous . - - 


20 


of soda . 


- 285 


Crucible - - . - 


100 


of lead - 


- 263 


Crystallization - - - 


267 


Carburetted hydrogen 


175 


water of - 


267 


Caustic, lunar 


- 278 


Cups, galvanic - - . ' 


60 


Cerium - - . . 


256 


Cyanogen - . - - 


191 


Cistern, pneumatic 
Chemical atfinity 


- 131 
70 


Cyanuiet of mercury 


190 


force of . 


83 Decomposition, double 


76 


combinations 


79 Definite proportions 


86 


apparatus 


- lOOlDecrepitatin ... 


267 


equivalents . 


93 Double salts . . . . 
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Destructive distillation 


804 , 
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I^mond ... 
Differentia] theimoiXMter 
Dropping tube 
Diana's silver tree 
Dolomite ... 

Earths ... 

Efflorescence 

Elasticity, aflfecU affinity 

Elective affinity - 
double 

Electricity 

conductors of - 
theory of - 

Electrics ... 

Electro-chemical theory 

Elements - . . 
their number 

Emetic tartar 

Epsom salt 

Equivalents ... 
scale of| - 

Essential oils 

Ether ... 
evaporation of 

Etching on glass 

Eudiometry - . - 

Extractive matter 

Expansion by heat 

of solids - 
of liquids 
of gases 

Evaporation 

Evaporating dish 

Fermentation - 

saccharine - 
vinous - 

Felling colliery 

Fibrin - - . 

Fire damp ... 

Fixed air - 

Fixed oils . . . 

Florence flask - 

Friction ... 

Flowers of sulphur - 
zinc 

Fluidity, caloric of 

Fluoric acid - - - 

Fulminating powder - 

Food of plants 

Freezing mixtures 

Fluate of lime 

Fowler's solution 

Fusible alloy ... 

Furnace, lamp - 



147 

36 

103 

208 

46 



• 26S 

. 78 

73 

- 74 
48 

. 52 
51 

- 49 
66 

9,112 
113 

- 303 
272 

- 93 
96 

- 312 
316 

- 21 
174 

- 142 
309 

- 25 
25 

- 27 
28 

- 18 
102 

313 

- 313 
313 

- 178 
321 

- 177 
149 

- 311 
102 

- 43 
155 

- 246 

13 

- 173 
277 

. 294 
41 

- 173 
251 

- 202 
106 



Galena . . . - 
Gralvanic battexy - 

circle . . - 
trough 

poles . . - 
cups 

pile ... 
Ghdvanism ... 

chemical effects of 
heating effects of 
theory of - 
discovery of - 
Oases, combine by volume - 
expand equally - 
their weight - 
Gas, oxvgen - - - 
hydrogen . . - 
carbonic acid - 
carbonic oxide - 
chlorine - - * 
muriatic acid 
fluoric acid 

lights ... 

o&fiant - - - 
nitrogen - . - 
nitrous oxide - 
Gas apparatus . - - 
Gelatine - . - 
Germination ... 
Gilding . . . . 

Glass .... 
Glauber's salt 

Gludna - - - - 
Gold .... 

etherial solution of 
Gravitation - - - 
Gravity - - - - 
Growth of plants - 
Gunpowder ... 
Gypsum - - - 

Hartshorn ... 
Heat - - . - 

Al^ilTlft^ ... 

latent - 

matter of - - 
radiation of - - 
Hydriodate of potash 
Hydriodic acid - . - 
Hydro-nitric acid - 
Hydrogen - - - - 
carburetted 
sulphuretted 



Hydrosulphurets 
Hydrosulphuret of 
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61 

66 

59 

58 

65 

57 

54 

61 

68 

55 

48 

91 

27 

109 

115 

123 

149 

154 

163 

166 

173 

183 

182 

134 

138 

104 

322 

290 

311 

240 

270 

238 

210 

211 

70 

79 

294 

277 

271 

146 

11 

328 

131 

11 

28 

171 

171 

145 

123 

175 

187 

189 






354 

100 creun 

Imponderable agents 
Ink, uMlelible 

sympathetic 
Inofvanic chemistiy 
Iodides 

Iodine ... 
Iodic acid 

Iodine and hydrogen 
Iridium 
lion ... 

meteoric 

oxides of 

nistof 

carburet of 

sulphate of. 

sulphuret of - 

tinned 
Isinglass 
Ittria 

Kelp - - 

King's yellow 



- 251 



Lamp, fUmaco ... 
flameless 

safety ... 

Latent heat . - 
Laws of combination 

of proportion 
Lead • - - - . 
oxides of ... 
white - . . - 
sulphuret of - . 
poisonous ... 
Lemons, salt of - 
Liquid ammonia . » . 
. phosphorus 

Light 

decomposition of 
without heat 
effects of, on colors 
effects of, on crystallization 
Light carburetted hydrogen 
USoB - - - - - 
chloride of - 

phosphuret of - . 

water ... 

carbonate of . 
Liquids, expand by heat - 

conducting powers of 
Litharge .... 
Lithium .... 
Lunar caustic 

Magistery of bismuth • 



INDEX. 

40 Magnesia . - - - 
10 sulphate of 

273 Manganese . . . 
258 oxides of 

115 Massicot - ' > 

170 Matrass ... 

161) Molasses . - . - 

170 Melting pot . 

171 Mercury - - 
21(> peroxide of 

242 protochloride of 

243 sulphuret of 
243 Metallic compounds - 

243 salts 

244 alloys . - - 

274 Metals .... 

245 general properUes of 
248 now reduc^ 

32*2 arrangement of 

236 I combustible 

meteoric iron - 

Mineral green 

Mineral waters ... 

Mirrors, concave - 

Mixtures - - - . 

Mnlybdic acid 

Molylxlenum . . - 

Mordant ... 

Morphia - . . - 

Multiple proportions 

Muriates - . - - 

Muriatic acid 

Musical tones ... 

Narcotine - - - 
Nickel .... 
Nitrates ... 

Nitric acid ... 

anhydrous - 
oxide - - - 
Nitre .... 
Nitrous acid ... 

oxide 
Nitrogen - - - . 
chloride of 
and hydrogen 
Nomenclature 
Non-metallic bodies • 



lOG 

213 

181 

13 

86 

88 

262 

263 

263 

264 

265 

304 

147 

161 

44 

44 

45 

47 

47 

175 

229 

229 

234 

9-29 



27 Oil gas - 
24 Oil of vitriol - 

263 1 Oils, vegetable - 

2-24 pieHant gas - 

278 1 Opium 

Oi^anic chemistiy - 

259|Orpimcut - 



- 2T8 
241 

- 241 
263 

- 100 
307 

- 100 
204 

- 206 
206 

- 207 
201 

. ^1 
203 

- 196 
197 

- 199 
203 

■ 198 

243 

• 261 

340 

29 

85 

253 

353 

310 

319 

88 

286 

166 

126 

320 
258 
275 
144 
145 
141 
276 
143 
138 
134 
168 
146 
110 
115 

184 
157 
311 
182 
319 
389 
251 
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Osmium 
Oxalates - 
Oxides, metallic - 
Oxidation 
Oxygen gas - 



- 216 
301 

- 198 
113, 118, 198 

- 115 



combustion in - 119 

Oxymuriatic acid . - - 163 

Oxymuriate of potash - 280 

Oxygenized water - - 133 

Palladium ... - 215 

Pearlash ... - 285 

Phosphates .... 282 

Phosphate of soda - - 282 

Phosphoric acid . . .161 

Phosphorus - - - 160 

Phosphorescence . - . 45 

Phosphuretted hydrogen . 189 

PileofVolta ... 57 

Plants, growth of - - 294 

Plants, food of - . .294 

Plaster of Paris - - 271 

Platinum > - - - 212 

sponge ' . 126 

protoxide of « - 215 

peroxide of - . 215 

Pneumatic cistern . > - 131 

Plumbago - . - - 245 

PondercJale bodies . . .112 

Potassa .... 220 

Potassium - - . - 271 

oxide of - - 220 

Potato starch - - . 308 

Potash, carbonate of - >' 285 

Precipitate, red - - - 206 

Proportions, definite - - 86 

by volume . - 91 

how ascertained 95 

Prussic acid - - - - 191 

Pyrites 245 

Pyrometer - . « - 25 

Cluaniity of matter - . . 77 

auicklirae . - - 228 

Cluicksilver - - - . 204 

Cluinia .... 321 

sulphate of > - -321 

Radiant heat- ... 28 

Realger .... 251 

Red oxide of copper - * 261 

lead .... 264 
precipitate ... 206 

Reduclion of mctols . > 199 

Reflectors - - - - 29 

Resons . - - - 312 



Res|nration - - - 
Receiver - - - 
Retort - - - - 
Rhodium - - - 
Rust of iron - - - 

Saccharine fermentation 
Safety lamp 
Sal-ammoniac 
Salifiable base . 
Salt, common 

of sorrel 

of lemons 
Salts 

remarks on . 

nomenclature 
Sap of plants 
Scale of equivalents > 
Sealing wax - - - 
Serum 

Silica - - . - 
Silicium ... 
Silver . . - - 

solvent of . 
Silver tree - - . 
Silvering powder 
Simple bodies 
Smalt 
Soda - . - - 

muriate of . 

carbonate of . 
Sodium ... 
protoxide of 
chloride of 
Solar spectrum - . - 
Solids expand by heat 
Solution . . - 
Sources of caloric 
Spar, Derbyshire - 

heavy 
Specific gravity 
of solids 
of liquids - 
of gases * 

Spirituous liquors . 
Sponge, platina 
Starch - . - . 
Steam ... 

latent heat of 
St eel - 

Stroiitia . - . 

Sugar, how made 

of lead 
Sulphates 
Sulphate of potash 
of soda 
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- 335 
101 

- 101 
215 

- 243 

. 313 
181 

- 286 
265 

. 223 
301 

- 302 
265 

. 265 
110 



96,346 

- 318 
323 

- 239 
238 

- 208 
208 

- 209 
209 

. 113 
257 



223 
. 285 

221 
. 222 

223 

- 45 
25 

- 77 
43 

. 284 
270 

. 106 
107 

- 108 
109 

- 316 
126 

- 308 

15 

. 16 

244 

- 227 
307 

- 300 
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ScdplMtooriMiTU - 270 

ofliine - • 271 

ofmhgnemik - - 273 

of alanuiia - • 273 

of iron - - - 274 

ofzinc - - 275 

Sulplrar .... 154 

Solphoiets - - . 201 

Solphozet of lead, - . - - 264 

of arsenic - 251 

of antimony - - 255 

ofinm - - 245 

of copper - - 195 

of carbon - 296 

Salphmoiu acid ... 155 

Sulphuric acid ... 157 

Sulphuretted hydrogen - - 187 

Supporters of comtHintion - 113 

Syntheaifl - - .9,127 



Tannin - - ^ - 310 

Tapioca .... 306 

Tartar emetic - - - 203 

Tartar, cream of - - 302 

Tartaric acid - - - 302 

TeUuriun- - - - 260 

Temperature, animal • 22, 3 

Theory of atoms ... 96 

Thermometer ... 35 

difierential - - 36 

air - - 36 

construction of • 37 

Tin 248 

Titanium .... 260 

Tones, musical ... 125 

Trough, galvanic - • - 59 

Tungsten - - - - 253 

Tungstic acid ... 254 

Turpentine, oil of • - 313 

Uranium .... 256 

Vacuum, boiling in - - IT 



Vapor .... 19 

Van Helmont'fl wHldW - - S94 

Vegetation - - • 291 

Vegetable adds - . - - S99 

alkalies - - 318 

chemistry - - 291 

analysis - - 291 

ingredients of- - 906 

Verdigris .... 301 

Verditer ... - 261 

Vermilion - - - 208 

Vinegar - - - - 299 

Vinous fermentation - - 313 

Vitriol, green - - - 274 

white ... 275 

Volumes, theory of - - 91 

Volta'siHle ... 57 

VolatUe salt . - - - 147 



Water, decompontion of 63, 83, 123 
composition of - - 128 
properties of - - 131 
oxygenized - . 133 
weight of - . 133 
expands in freezing - 13S 
of crystallization •> 267 
boiling temperature of 17 
analysis of - -63,335 
synthesis of - - 137 



Wheat flour - 
White arsenic - 
Wollaston's scale - 
Wolfram - 

Zinc 

oxide of 
flowers of - 
alloy of - 

ZafTree • 

Zirconia 

Zero - 



- 309 
250 

96,346 
253 

246 

- 246 
246 

- 246 
257 

- 233 
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